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PEEPACE 


TO TOC 

TKIRD EDIXION or VOL. I. 


The Encccss of Colonel ^Icdlcy^a compilaiion on tbe subject of Civil 
Engineering in India baa been attested by tbe rapid sale of two 
Editions of this "Vrork. Colonel Medley had proposed to undertake 
the labor of editing a Third Edition daring bis furlough in Eng- 
land, but this plan was negatived owing to the decision of the 
Government that the duty of editing and publishing the Koorkee 
Treatise of Civil Engineering” (as a text-book for tbe Engineering 
Colleges of India) should remain as heretofore in tbe hands of tbe 
College Staff at Roorkee. Thus, in the absence of tbe original 
able Compiler, the duty of editing the Third Edition has devolved 
upon me. 

This Third Edition contains some alterations and many additions, 
to suit it to the progress of Civil Engineering in this country, and 
to render it a more complete text-book to the Student, and work of 
reference to the Engineer in India: tbe ** Professional Papers of 
Indian Engineering” having been laid under contribution to supply 
descriptions of new processes introduced during tbe last few years. 

The ‘order’ of the Sections have been altered from that adopted 
in the First Editions : in this Edition the more difficult modes of 
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construction have been made to follow those of a simpler nature. 
The Section on " Strength ot Materials** has been entirely re-written 
(by Capt. Allan Cunningham, R-E., Mathematical Professor in this 
College), and has been placed at the end of the Volume ; I^fathe- 
matical investigations in relation to Carpentry and Masonry having 
been for the most part eliminated from the Sections devoted to those 
subjects, and collected in this final Section, in which their strictly 
Scientific and JIathematical (as opposed to their purely experimental 
and practical) aspect has been considered. 

The Section on "Building Afaterials*' has been carefully revised, 
and enlarged by the addition of supplementary matter, illnstrative 
of improvements in manufacture during late years, and the most 
recent Indian practice. Among the additions made in this Edition 
may ha noted Manufacture of Artificial Stone — ^^lode of Blasting 
in the Mont Cenis Tunnel— Brick»making by Machinery— Hoff- 
mann's Brick-kilns— 'New list of Indian Timber Trees, with data 
relative to the strength and elasticity of their wood — and Improve- 
ments in Iron and Steel Slanufacture. 

The Chapter on "Limes and Cements” has been enlarged by ad- 
ditional information in regard to hydraulic cements and concretes; 
materials which have of late years received increased attention from 
Engineers and others, and are employed much more extensively 
than formerly in building operations. The writings of Jfr. Henry 
Reid, C.E., have been consulted for the most recent information on 
this most important subject; and extracts from the recommendations 
of Colonel H. A. Brownlow, R.E., and Mr. P. Pejoui, in regard to 
cement manufacture in India, have been embodied in this work. 
Reference has been made to experiments in ooncreto building in 
India, a mode of construction which promises to be much more ex- 



PREFACE. 


tensivcly adopted in parts of the country where building stone is not 
obtainable, while materials for concrete are abundant. 

More precise and detailed instructions in regard to Lime and 
Mortar Analysis have been furnished for this work by Dr. Murray 
Thomson. The necessity for more intimate knowledge of the com- 
position of building materials, especially of limes, in every part of 
India, has been demonstrated by recent building failures (due in 
some cases to inferior materials) ; and an increased impetus lias been 
given to tlie more careful study of the local supply of building ma- 
terials in their immediate neighbourhood by Engineers in charge of 
important works. Although tborongh analysis cannot be conducted 
without appliances which are not available to many Engineers, yet 
it is of advantage to know the more simple and approximate me- 
thods, and to realize wbat is reguired for n more complete analysis. 
Before long, doubtless, the Government will arrange that more of its 
Engineers shall be specialty instructed in Chemical Analysis, and 
that at certain local centres such qualified oHiccrs shall be located 
and ‘famished with the necessary appliances to enable all materials 
used in building operations in their neighbourhood to be carefully 
analyzed. There seems to be no reason why, if suflicient technical 
knowledge could be brought systematically to bear on the subject, 
concretes and cements should not be manufactured in India of equal 
quality to those used in Europe, and cheaper in cost : as exempli- 
fied by the Experiments on “ Margobi Cement, ” described in the 
first Appendix of this Volume. 

The Section on “ Earthwork,*^ as descriptive of the simplest En- 
gineering operations, succeeds that on ** Materials and contains 
scarcely any alterations from the former Editions. 

In the “Carpentry” Section, the Chapter on Joints and Scarfs 
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The First Edition of Volume I. has been exhausted rather 
sooner than I had anticipated, and I have, in consequence, been 
more hurried in the preparation of a Second ildition than T could 
have wished. It will, however, I think, be found an improvement 
on its predecessor. 

In the Section on Boildino Materials, a paragraph has been 
added on the Manufacture of Artificial Stone; and an additional 
Chapter has been given on Colored Bricks and Tiles. The pro- 
cess of making the Hollow Hexagonal Tiles, as used in Sindh, and 
the Drainage Tiles as at Allygurh, has also been described. Para- 
graphs on the detailed Analysb of Limestone, and on the Manu- 
facture of Hydraulic lame at Kurrachee, will be found. The Des- 
criptive Catalogue of Indian Timbers has been revised, and many 
new ones added, chiefly by the aid of Dr. Balfour^s valuable work 
on the Timber Trees of India. Most of this extra matter has been 
taken from Yols. IV. and V. of the Professional Papers on Indian 
Engineering.” 

In the Section on Masonry, additional information has been 
given on the construction of Domes and Oblique and Gothic 
Arches, 'and on the Sand-Pomp, now used so largely in sinking 
Foundations. 



In the CARPEXTiiY Section, a Chapter has been given on Floors, 
Staircases and Partitions. Several additional examples of Hoofs 
will also be found ; and the information on the subject of Joints 
and Scarfs has been rendered much more complete. This valu- 
able additional matter has been extracted from Ikir, Nevrland’s ex- 
cellent work — " The Carpenter and Joiners* Assistant.** 

To the Section on Eiuthwork has been added an abridgement 
of O’Callaghan’a Tables, which, in a more extended form, were 
published at this Press some time ago. 

In the Appendix have been given two or three Notes which camo 
too late to be inserted in the body of the text — some valuable 
extracts and tables from MoleawortU*a well known Pocket-book, and 
a Technical Vocabulary. 

The above additions comprise 93 extra pages, while several 
Plates have also been added. It has been found necessary, therefore, 
to raise the price, from 5 to 6 Ks.; but it is hoped tbo additional 
matter will bo thought to compensate for this. 

A Second Edition of Yol. II, (of which a much larger num- 
ber of copies was originally printed than of Vol. 1.) will be put 
in band at once, and will, I hope, be ready by the time the First 
Edition is exhausted. 


The sj'stcm upon which this compilation has been made, is— 
First, to lay down general rules and principles in as systcraatic a 
form ns the subject admits of. Secondly, to illustrate the applica- 
tion of those rules to practice by reference to examples of Indian 
Engineering works. To take the Art of Cnil Eoginferieg out 
of the region of cmpiricisni, andbring it to uithin the eonfnes tf 
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Bcienco, ought to bo the aim of eveiy Engineer, but the principles 
on which -it rests ought to he derived from the results of actual 
practice, and not be mere a priori theories. 

The Mathematical investigations introduced have been made as 
simple as possible (such as involve the Calculus, for instance, having 
been omitted), but the/ pre*suppose that the Student has a fair 
acquaintance with Jfatbematics, including Statics and Hydraulics, 
without which, indeed, he must simply work by “rule of thumb.” 

Although this work professes to be little more than a careful 
collation of the results and labors of others, it is right to add that 
the compilation has been tested by the experience gained in eleven 
years’ practice in the construction of Hoads, Buildings, Bridges, and 
Irrigation Works, besides several years devoted to the theory and 
literature of the profession. 


Boobkec, 
Fciniar^, 1869. 


J. G. M. 
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The largo demand for the little Maunals of Civil Engineerings 
compiled from time to time ot the College, chiefly for the use 
of the StndentSj has led me to plan a comprehensive Treatise 
on the whole euhject, principally with reference to Indian prae- 
ticc. I have taken the College Manuals as my text, revising 
them all carefully and adding such supplementary matter as I 
have been able to collect, iUostrativo ol work actually executed 
in India. This Treatise is therefore, in no sense a new work, hut 
only a coherent whole, compiled from a number of detached parts; 
and a small edition only has been printed, that it may he issued 
with emendations and additions at no distant interval of time. 

In the present Volume, Section I., Building Materials, contains 
the substance of the hlannal with that title, with a good deal of 
additional matter under the headings Stone and Timber, the Chap- 
ter on Lime, &c., being abbreviated from the last edition of the 
Manual of that name. 

Section II. comprises the whole of No. II, Manual, with an 
additional Chapter on Deflection, 

Section III. has been compiled from No. VI. Manual, and from 
Mahan and other good authorities; with some examples selected 
from the Professional Papers on Indian Engineering. 
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Sectioa IV. has hcca complied from No. XI. Manual, with a fow 
additions. 

Section V, is an almost verbatim reprint of No. TV, Manual on 
Earthwork. 

"When the Manuals were originally drawn up it was thought 
needless to encumber their pages with references to the numerous 
authorities consulted in their preparation, and I have followed the 
same course with the present work, which professes, like them, to 
bo merely a compilation; but Mahan's and Hankinc's Treatises on 
Civil Engineering, and Tredgold'a and Nicholson's Treatises on 
Carpentry, must be specially mentioned as having been largely 
extracted from. 

Vol. ir, on Special Constructions, comprising Section VL, Build- 
ings; Section VIL, Bridges; Section VIII,, Hoads; Section IX., 
Hallways; Section X., Irrigation "Works; will be issued, I hope 
by the end of this year; and having myself drawn up four out of 
the five Manuals from which that volume will be chiefly compiled I 
shall have a claim to a larger share in its preparation than in that of 
the present one. 

I have only to add that at the suggestion of n correspondent, 
interleaved copies of this volume aro available; and if they could 
be returned to Hoorkee, say two years hence, with addenda and 
alterations, an improved edition might then bo prepared. 


J. G. 51. 
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SECTION L-BUIIDINO MATEEIAIS. 


Tac matorials in general nsa for bnildiog mil bo separately described 
nndertbe following beads :—SToxe, BntcRs, Tiles, Lime, Cemekts and 
Plastehs, Wood, Metals, Paiktb and Vahsishes. 


CHAPTER I. 

STONE. 

1. Tbe oso of Stove as a bnildiog material is limited by local circum- 
Gtances. The widely extended pirios trbicb corcr so large an area in tbis 
country, and more particolarly in tbe Upper Prorisces, for tbe most part 
fanish so materials adapted for this purpose; and, as in other parts of tbe 
Trorld aimilarly sitoated in this respect, tbe ^ant is supplied by tbe nso of 
an artificial sobstitnte. Tbe description oflimestone, knoT^n by the name of 
^'unil'ur, to be met irith pretty generally over a great part of Hindoostan, 
beneath tbe snrface earth at raryiog depths, also in the beds and banks 
of rivers, and commonly existing in tbe form of rough irregular nodnles 
of email size, is in some places found also in large compact masses, and 
has been sncccssfally employed as s bnildiog stone. Bat no places ^bere 
it is e 6 employed, and ^hero masonry works of any extent are to be 
constructed, are thereby rendered altogether independent of tbe artificial 
material; the snccessfnl mannfactarc of which is a matter of the first 
importance in connection with all works of Architecture and Engineering. 

There are, however, parts of India where rubble stone is cheaper than 
brick, as for Instance in Rajpootana, where the easily quarried and slab-like 
mica slate quite supersedes tbe nsc of bricks, and others, as at Sangor, 
in Central India, where a black soil* prevails, in which beds of clay fit for 

■ This bl&ck soil Is ^eralljtnpiwscd.thoDghnofcQnlTCTSBUrkllowed, to be decomposed basalt. - 
Tbe foUowiDg section of a shaft Id Ite block ml near Saagor Is gires bj Dr. Eprj.ls tbe tad Vot. 
of the Journal of the Asiatic Socictj, page Ml : — 

Surface soil black, S feet ; soft basalt, S| feet: herd basalt, T feet ; soft basalt, l| feet; iracke, 
vith nodules of Ibnestone, 3 feet ; traTcrtlne witii Imbedded shells, feet; coarse tUiCious gnt, t 
lest ; basalt — 

VOL. I.— IQinD EDIIIOK. S 
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brick-making aro infrcjinent j ^luUt for architcctaral purposes, tbo white 
marblo of Jeypore, and tho freestones of Agra, Bclhi, Hiraaporo end 
Chuaar, ero well known, 

2. It is almost superflnoas to say that iho choice of stone for a building 
intended to onduro for ages Is of tho Tory highest importance. Great 
numbers of beautiful buildinga, in tho chiseling of whoso ornaments both 
taste and labor have been liberally expended, aro decaying, in consequence 
of want of Caro in this particular. Tho Cathedral at LichGeld, and many 
of iho Colleges at Oxford, aro examples of this neglect, and also of tho 
error of not building tho atones in with their lamina* lying horizontally ; 
from which cause tho surface, in many instances, is detached in largo 
flakes. At Agra and at Delhi the ornamental tracery of many fine build- 
ings, including the Ivootub Jlinar, is being fast obliterated, from tho decay 
of tho red sandstone in which it has been carved. 

3. Tho qualities required in stono are so various, according to tbo 
nature of the building, that no very precise directions can be given, such as 
would exactly meet any partlvular caso. Again, as any stono that admits 
of being quarried iu suitable sizes, will suit for ordinary buildinga, when 
neither great durability nor eroamontotion are required, or for backing or 
filling in more important etrocturos, for such work the Engineer need 
only consider tho comparative cost between the varieties of stono pro- 
curable, or between stono nod brick. If there are no quarries opened, 

0 day’s labor ought to be enough to satisfy any man of sense, whether ’ 
tho rock can be wrought or not at a reasonable expense. Tlie following 
notes, thereforo, refer to tho better qualities of stone, and how they may 
bo tested. 

“Tho best” always means the best to suit} what would bo required 
for a light-house or sea-wall woold not answer for a highly fimriicd 
architectural building or for a dwelling-house. The choice is in most 
cases further limited by the cost. Even the climate of the place may 
bo an clement In the calculation. Apart from all such collateral con- 
siderations, the question is rcdocesblc to ttren>}th, darahilit^, and /acUUy 
q/* trorilijiy. The two first arc generally found together, but not neces- 
sarily so. 

Jt is only in particular cases, such as for vciy large nrcbe«i, that the resiit- 
ance to actual crushing need be considered j tho strength in tlds respect of 
even ordinary stone is greater than is generally required of itj and a 
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Bione, of ^liich tho thralilH^ baa been satisfactorily proTcil, may be safely 
trusted to resist prc'saro. 

By cI«r(i&»7iVy is meant, tlio power to resist iceatherinj; tlio wear and 
tear from olmcsrhcric causes. Even a small deficiency in tliis respect 
will in time Bpoil the appearance, or even impair the stability, of the most 
carcfally constructed edifice, 

Tbc third quality mentioned is in a manner negative ; it is to a certain 
extent the inverse of the others} facility of being hammered or cat implies 
cither softness in the euhslancc of the stone, or n low degree of cohesivc- 
I1CS3 between the particles of this aobstancc. It is a common puzzle in 
Belccling a stone, to strike a mcdinm between these conflicting qualities ; a 
difficulty not altogether produced by the limitation of price, for the roost en- 
during stone frequently does not admit of elaborate workmanship. 

4. Stones Classed— Tlic stones nsed In building may be divided into 
three classes, each distinguished by the earth which forms its chief con- 
stituent. Tiicse are 

I. SlUCtOUS StOSBS. 

II. AnGiLLACEone Sroxes. 

III. Calcareous StoKSs. 

5. 1. SiLicious Stores are those in which silica is the characteristio 
earthy constituent. 'With a few exceptions their structure is crT/sfaWme- 
Qranvlar, and the crystalline grains contained in them are hard and dur- 
able; so that weakness and decay in them generally arise from the 
decomposition or disintegration of some softer and more perishable ma- 
terial, by which the grains are cemented together, or by the freezing of 
water in their pores, when they arc porous. 

' The following are the principal silicious stones used in building • 

1. Granite and Syenite are nnstratified rocks, consisting of quartz, fel- 
spar, mica, and hornblende. Ihe name sranite is specially applied to those 
specimens in which there is little or no hornblende; the name syenite to those 
in which there is little or no mica; but both are popularly known as 
granite. 

The quartz is in the from of clear, colorless or gray crystals ; the horn- 
blende (when present) in dark-green or black crystals ; the mica in glisten- 
ing scales, or grains composed of aiich scales; the felspar in compact 
opaque crystals, of a white, yellowish, or flesh color. 
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brlck-nsflldng ate iufrcqneQt j wUlst for arctitccliiT&l purposes, tho lirliito 
mwblo of Jcypore, and the freestones of Agra, Delhi, Mirzaporo and 
Cimnar, are xreU laiovra. 

2. It Is almost supetdaous to Kay that tho choice of stono for a buildiag 
intended to enduro for ages is of the Tcry highest importance. Great 
numbers of bcantiful buildings, in tho chtsellcg of whoso ornaments both 
taste end labor have been Hbcrallj expended, are decaying, in conscguenco 
of want of caro in this particular. Dbo Cethcdral at Lichfield, and many 
of the Colleges at Oxford, are examples of this neglect, and also of the 
error of not building the stones in with their lamina; lying horlsontally j 
from which cause the surface, in many instances, is detached in largo 
{lake*!. At Agra and at Delhi the ornamental tracery of many fine build- 
ings, iacladmg the Kootub Jlinar, is being fast obliterated, from tho decay 
of the red sandstone in which it has been carved. 

3. Tbo qualities required in stone ere so various, according to tho 
nature of the building, that no very prerise directions can be given, such as 
would oxaetly meet any particular case. Again, as any stone tbatadmita 
of being qnarried in suitable sizes, will suit for ordinary buildings, when 
neltber great durability nor omomentatioa are required, or for baching or 
filling in more important structures, for such work the Engineer need 
only consider the comparative cost between tho varieties of stone pro- 
curable, or between stone and brick. If there are no quarries opened, 
a day's labor ought to bo enough to satisfy any raaa of sense, whether 
tho rock can be wrought or not at a reasonable expense. Tho following 
notes, ihcrcforo, refer to Ibe better qualttics of stone, and bow they may 
be tested. 

‘^Thc best” always means tho best to suit; what would bo required 
for a light-house or sea-wall would not answer for a highly finished 
architectural bnilding or for a dwcllmg-hoasc. Tho choice is m most 
cases further limited by the cost. Even the ch'mato of the place may 
bo an clement in the calculation. Apart from all ecch collateral con- 
fiidcrations, tho qaesfion is rcdoccablc to elren^th, durahsUf^, and /actlU^ 
of icorli/}^. Tho two first are generally foond together, but not neccs- 
BArily so. 

It U only in particular cases, sccli as for very large nrchc’, that the resist- 
ance to actual crushing need be considered} the strength in this respect of 
even ordinary atone is greater than is generally required of it ; and a 
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sione, of TrWch Ihc duraWHy lias bocn satisfactorilj* proTCcJ, nJfly bo eafeJf 
trus}c<? to resist pros^nro. 

B/ durabiUtif is meant, the potrer to wsUt tceatberln^ ; the M'car and 
tear from atmospheric canses, Ercn a small deficiency in this icsi>ect 
'trill in time spoil the appearance, or ctcq impair the stability, of the most 
carefnlly constructed edifice. 

The third quality mentioned is in a manner negatire ; it is to a cortain 
extent the inrerse of tbo others j faciHtyof bcin^hsmmeredorcut implies 
cither softness in the sohsUnce of the stone, or a low degree of cohesive- 
ness between the particles of this flobstanco. It is a common pozzle in 
selecting a stone, to strike a medinm between these conflicting qualities ; a 
difficulty not altogether produced by the limitation of price, for the most en- 
doring stone frequently docs not admit of elaborate workmanship. 

4. Stones Classed* — The stones nsed in bnildiog may be divided into 
throe classes, each distinguished by the corfA which forms its chief con« 
Btitucct. Those are:— 

L Stticiocs Sroxes. 

II. Abciluceocs Sro.vEs. 

UL CatCABfiocs Sroses. 

6. I. SiLicious SxosEs are those in which sib'ea is the characteristic 
earthy constitnent. "With a few exceptions their structure is aystalline- 
ffranularf and the crystalline grains contained in them are hard and dur- 
able; BO that weakness sod decay in them generally arise from the 
decomposition or disintegration of some softer and more perishable ma- 
terial, by which the grains are cemented together, or by the freezing of 
water in their pores, when they are porons. 

The following are the principal silidons stones nsed in bunding 

1. Granite and Syenite arc unstratified rocks, consisting of quartz, fel- 
spar, mica, andbomblende. The name jmanfte is specially applied to those 
specimens in which there is little or no hornblende; the name syenite to those 
in which there is little or no mica ; but both are popularly known as 
yranile. 

The quartz is in the from of dear, colorless or gray crystals ; the horn- 
blende (when present) in dark-green or black crystals ; the mica in glisten- 
ing scales, or grains composed of such stales; the felspar in compact 
opaque crystals, of a white, yeBowish, or flesh color. 
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brick-matmg ore infrctinent} Trhilst for orchitectarsl purposes, the white 
marble of Jeypore, and the freestones of Agra, Delhi, Mirzaporo and 
Chunar, are well known. 

2. It is almost superfluous to eay that tho choice of stone for a huildm^ 
intended to endure for ages is of the very highest importance. Great 
numbers of hcantifal buildinga, in tho cbisoUng of whoso ornaments both 
taste and labor have been liberally expended, aro decaying, in consequence 
of want of caro in this particular. Tho Cathedral at Lichfield, and many 
of the Colleges at Oxford, aro examples of this neglect, and also of the 
error of not building the stones in with their lamina? lying horizontally j 
from which cause the surface, in many instances, is detached iu largo 
flakes. At Agra and at Delhi the ornamental tracery of many fine bniid- 
ings, inchiding the Kootub llinar, is being fast obliterated, from the decay 
of the red sandstone ia which it lias been carved. 

3« Tho qualities required in stone are so various, according to tho 
nature of the building, that no very precise directloos can be given, such as 
would exactly meet any particular case. Again, as any stone that admits 
of being quarried in suitable sizes, will snit for ordinary buildings, when 
neither great durability nor ornamentation are required, or for backing or 
filling in more importaut structures, for such work the Engineer need 
only consider tho comparative cost between the varieties of stone pro- 
curable, or between stone and brick. If there are no quarries opened, 
a day’s labor ought to bo enough to eatisfy any man of sense, whether 
tho rock can be wrought or not at a reasonable expense. Tho following 
notes, therefore, refer to the better qualities of stone, and how they may 
be tested. 

“The best” always means tho best to suit} what would ho required 
for a light-house or sea-wall would not answer for a highly finished 
archilcclural building or for a dwclling-honse. 3ho choice is in most 
cases further limited by the cost. Even the climate of the place may 
be an element in the calculation. Apart from all sneh collateral con- 
6i(leralion<«, the question is rcduceablc to streii^lh, (Inraln’Uty, and faciUbj 
of iforiiny. The two first arc generally found together, hut not neces- 
sarily fO. 

It is only in particular cases, such as for very large arches, that the resist- 
ance to actual crashing need be considered j the strength in this respect of 
even ordinary stone is greater than Is generally rcqnircd of it; and a 
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tru*lM Irt rr*t»i j'rrf*tirr. 

Tt #7Kn7?t7iVv J* t5i''ant, Ihp j‘OWfr !o rr*!*! irmtlrnij ; tlie Trrar nml 
Icsr from tlmo'fl^fric can*'*. Ktfn • amitl in llii< rrf'poct 

itHI in lim'* rpoH Ih** ap p<'*ranc<*, or ctm impair (Jie alii ililp, of th(* nio«t 
carrfnllj <vin‘ln3f1rfj Hifc**. 

Tlif* lhir.1 qnilitj tn'‘nli''>n'Hl !• in • tnannT !ir**»iiTr; it i« tn & crriain 
rttmt tlir inrmi' of iIjp othrrt; facility of Uin;: liammcrcilof cnt implies 
ritlirr ffiftnen in the »n!>‘tancc rf tlif atmif, or a loir clcprc« of cn!ir*irc- 
rcf« I'ftiTccn llic partifl<« of ilm ac! •lann*. It i« a common piir^lc in 
Kirclinp a »totir, to ftrilc a molinm l*cti«mi conniclm? <|nAliiir« ; a 
ilifTtcnllynol allo~ft!ier |'rc«!ncc<ll r the limitation rf price, for llie mo*l cn- 
dorirp rtone frc^ncntlr <lor« not admit of clft!>onite norkmaniliip. 

4. Slones ClaE 2 ed«— Tlie atones n*c.| in ^ttlMInp tnsr l>o cliridccl into 
throe clfte*, oath dlitinguiOiod l-y the tarih trhich forms its chief con- 
nitaent Thc*earc:‘— 

I. FiLtcior* Froxet. 

IL w\r.ott,Laceoc» Sroxra. 

IlL Caicantoes Froxta. 

5. X. S 1 LICIOC 8 Sroxrs are those io trhich silica is the characteristic 
earthy coasUtBcnL With a ferr exceptions their strocture is eryifof/we- 
ffranvlar, and the eryslalline grains contained in them arc hard and dur- 
able; BO that ireakness and decay in them generally arise from the 
decouipotition or dieintegration of some eoftcr and more perishable ma- 
terial, by nhich the grains arc cemented together, or by the freezing of 
Trater in their pores, when they are porons. 

The following are the principal silicioas stones nsed in building 

1 , f7raniVs and S^fnite arc tinslratiGed rocks, consisting of quartz, fcl- 
Bpar, mica, and hornblende. Tlie name jrranifs is specially applied to those 
specimens in which there is little or no hornblende; the name s^entVe to those 
in which there is little or no mica; bat both ore popularly known as 
tjranile. 

Tlie quartz is in the from of clear, colorless or gray crystals ; the horn- 
blende (when present) in dark-green or block crystals ; tlio mica in glisten- 
ing scales, or grains composed of soch scales; tho felspar in compact 
opaque crystals, of a white, yellowish, or flesh color. 
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The dorabjlity and hardness ot gramie arc tlie greater the tnoro qcartz 
and lioralikndc predominate, and tholm the qoantity of felspar and mica, 
rrliicli aro llio moro weak and pcrisbabla jagrodients. Smallness and lustra 
in the crystals of felspar indicate dorability; largeness and dallaess, tho 
reverse. 

Tbo best kinds of granite are the strongest and most lasting of bonding 
stones. Tl»o difiicolly of vrorking them, caused by thtit great hardness, 
is only OTcrcomc by long practice on lUo part of the stono-cntlers. Min- 
nta orcameals cannot bo carved in granite, nod n simple and massive stylo 
of nrchitectare is the best Bulled for it. It is used chiefly in works of 
great magnitude and iinportancc, soch as hght-houscs, piers, breakwaters, 
and bridges over kirgc rivers ; and for eoch purposes It is brought from 
great distances at considerable cost, tho stones being often cat to the re- 
quired forms before leaving tljc quarry, vrlth o view to save expense itt 
cavrisge, and to obtain the bcocfit of the skill of stone-cutters accustomed 
to the taatcrial. It is only in districts where graaito oboonds that it la 
wed for ordinary purposes. 

2. Gntiss and iUca Slate consist of the samo materiaU as granite, 
in a stratiGcd form. They avo found in the ceighboorbood of granite, in 
atratA much inclined, beat, and distorted, and often form great raouatjun 
masses. Gneiss resembles granite in its sppearascc and properties, bnt is 
less etroog and durable, ilics slate is dUtlsgoisbcd by coatatnlag little 
or 00 felspar, ao that it cousisls ^iefly of qnaria and mica} it has a lami- 
nated or slaty structure, and tho silky laetto of mica j it is a tough maic- 
tial in directions parallel to its layer, but is more pcrishablo than gnriss. 
lloth these iloncs uro used for ordinary masonry in the districts vrhero 
they arc fcond. Gnei**, from its stratided structure, f» a good material 
for fUg'Btoncs. Mica slate, apilt into thin layers, may be used for cover- 
ing roof* ; but it is inferior for that purpose to clay slate. 

3, Ortentione, Tnuhstene, or Trap and iJosaft.— *711650 rock* aro 
ur.UraliSc 1, and coniift of graanUr ciystaU of homllcndo or of angile, 
vriUi IcUyar. In greenstone, thegraios arc considerably finer Uian in gran- 
ite; in ba‘aH they are scarcely diflinguishalle. Greenstone breaks up 
icto isaaU Uo^; basalt into regular prismatic columns, lliey are found 
ia veins, dykes, and talulsr tuwtes, amongst straltfled rucks of rarious 
sgej, Orcsustesel»cau3dlydarkgreca,iaTTlys»hiteor red; lasalt nearly 
ll»ek. Th;ic Tsriciic* of (oloraredso to the borsblendeor thcaogJje, 



tJio fciBpar tcingf trljfto. BolJi tfiwo rock* arc rcry compact, dnrabic, kard 
and tough j they aro well adapted for ordinary hujlding, and apccially well 
suited for paring and metalling roods. 

4, ' Tah, Chlorite Slate, Soapetone. — In thcro atonea, silicate of mag- 
nosia predominates. Tale is in transparent or translucent sheets of a 
laminated structure} it is soft arid easily cut. Chlorite Slate is also 
laminated, soft, and easily cut, tut more opaqno thon talc { it is some- 
times used for rooting, hut is inferior to clay slate. It lias a green or 
greenish-gray color, and silky lustre. Soapstone is translucent end soft, 
and greasy to the touch. It is valued for its power of rcehling the action 
of fire. 

5. Quarts Ttoch, Ilomtlone, Flint^TlitHO stones consist of quarts'., 
pure, or nearly pure. Quarts roek and Ifornstone aro stratified, and ap- 
pear to hare been produced hy (ho action of intense heat on sandstone } 
they are LoUj compact. Quarts rock is crystalline ; honulono is glassy. 
They ere the strongest and most durallo of all stones } hut their hardness 
is so great as to make their use in masonry almost impraeticallo, 

Flint is found in nodules or pelhles scattered through the chalk strata 
and in beds of gravel, apparently left after the washing away of (he chalk. 
It is liard and durable, but very brittle. Hints are used for buildingpur- 
poses by being made into a concrete witli lime, 

C. ITomllende Slate is herd, toogh, dorable, and impcrrloas to water, 
and is used for flag-stones. 

7. Sandstone is a stratified rock, consisting of grains of sand, that is 
small crystals of qoarta, cemented together by a matcnal which is usu- 
ally a compound of silica, alnmiua and lime. In the strongest and most 
durable sandstone the cementing material is nearly pure silica ; the weakest 
and less dnrable is that in which the cement contains mneh alumina, and 
resembles soft felspar or clayitone. When there is ranch lime in the 
cementing matter of sandstone it decays rapidly in the atmosphere of the 
sea-coast, and in that of towns where much coal is bnmed; in the former 
case, the h'me is dissolved by mnriattc add. In the latter, by sulphuric add. 
Calciferous sandstones, as those containing much lime are called, pass by 
insensible degrees into sandy limestones. The appcaran« of strong and 
durable eandetottc is characterized by eharpoecs of the grains, s maJ/ness of 
the quantity of cementing material, and a clear, shlavog, and iranslncent 
appearance on a newly broken sarface. Bounded grains, and a dull, mealy 
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The darabilllj nni hardness of ^nUc arc the greater the more qnarlz 
and hornblende prodomlnato, and tho less the qtiantilj of felspar and mica, 
trhicli arc tho more weak and perishable ingredients. Smallness and lustre 
in the crystals of felspar indicate dorabil/ty; largeness and dullness, the 
reverse. 

Tlie best kinds of granite are the strongest and most lasting of bnilding 
stones. TIjc difiieolty of working them, caused bj their great hardness, 
is only orcrcoine by long practice on the part of the stono-cutlcrs. hlin- 
uto ornaments cannot be carved in granite, and a simple and massive stylo 
of arcliilectare is the best suited for it. It is used eliicny in works of 
great magiiiltidc and importance, sndi as light-hooscs, piers, breakwaters, 
nn<! brilgea over largo rircrs; and for socli purposes it is brought from 
great distances at considerable cost, tho stones being often Cnt to tho re- 
quired forma before leaving tho qoarry, with a view to gave expense in 
carriage, and to obtain (he licncHt of tbo gkil) of stone-cutters acenstomed 
to the material. It is only m districts where granite abonnds that it is 
used for ordinary parposes. 

*. Gntits and Mica Slate consist of tbo same matcnals as granite, 
in a ftratiCed form. They arc found in the neighboorhood of granite, in 
ctratA tncch inclined, bent, and distorted, and often form great moentain 
mosics. Gneiss resembles granite ra its appearance and properties, but is 
less strong end durable, iiics alato is distinguished by containing little 
or no felspar, lo that it consists chiefly of quartz and mica; it has a lamN 
rated or slaty itrccture, and tbo silky lustre of miea; it is a tough mate- 
rial in dirvelioas parallel to its layer, tot U more perishable than gnelsr. 
Itolh these stones ore used for ordinary masonry is tbo districts nfiero 
they are fccnl. CnsiM, from its strstifled itrectnre, is a good material 
f, r flig.»tone«. Jlira slate, ip-ill into thin layers, may bo used for corcr- 
u-g ; lot it is infmor for that purpoie to clay ilate. 

3. Grftnitc’if, iniisfene, or Trap aal iln/’j?/,— These roeki are 
cr.'trstl'Iei, an! r'niiil of grarsolar crystals of homblenJo or of anglir, 
wiihMrpsf. la gTT<T.*tcne,thrgraiM ire ecniiJerally finer thin {ngra-n- 
i'.e; is tualt th'*/ are searrely dWtisgclihalV. Grrenitcr.e Ireaki up 
{.•oimill I Hill into frgular priimat;: eolsmsi. Tl.fyare foun I 

ia Tt>.f,dyko», arJ tainlsr masies, aaengrt itrt'l£fd reels cf vaHuci 
* -ei. Oresnstcas li cinally dark green, rarvly irUte er red ; l<ua!i nearly 
llfl. 11*1? varlrti'* cf cc!?r Are das to tie tcrr.llc*:de cr the aogite. 


fi. Qi/arif Thf'c itonfi c^’RMil of qnarU, 

I'trr, Or ji:rr, Q'.arfr tx<t *n»I Jltrtulcr.t *re itralifiod, nnj «p- 
I‘fir to Ijitc Ifrrj f rpjoroj I jr tto artica of inlfii'c lif>t on randstonc ; 
llirj irc boUi ccKspicL Qcarta rock t* cryitallire } Lomitono U glaisj. 
Tlirjarplif >tronff»l and tnoitdnniMc of ftll itonci; I'Ot (heir kanlncss 
«i M prrtl at to citkc their c«e in ina«oni 7 almwt impracticable. 

/7>n( ii fosad in oodclei or ixlblei fcatiered throogh (he chalk itrata 
tad in bedi of grarel, trpirtatfjr left after the washing away of Uie clialk. 
It ii hard aad dcraWe, lal tery brittle. FlinU arcosed for boildujgpar- 
f>o*ci by being taade iato a concrete trilli lime. 

C. /rcrnlffliifi SlaU li hard, toogh, dorable, aad ImpcrrioDS to water, 
tad is nacd for Cag^f toaea. 

7. Sandttone is a itratified rock, consisting of grains of sand, that is 
amill rryitals of qnartz, cemented together by a material which is usa> 
ally a compoood of silica, alamioa end lime. In the atrongest and most 
dorable candstono the cementing material is nearly pare silica ; the weakest 
and less dorable is that in which tlio cement contains mneh ninmina, and 
resemhles soft felspar or claystone. When thorn is much limn in the 
cementing matter of sandstone It decays rapidly in the atmosphere of tlio 
Eca>coast, and in that of towns where mncli coal is burned ; in the former 
case, the lime is dbsolrcd by mnriatic acid, in the latter, by snlphuric acid. 
Calctferoua tandstonts, as those contaioing much lime arc called, pass by 
insensible degrees into sandy limestones. The appearance of strong and 
durable sandstone is characterized by sharpness of the grains, smallness of 
the quantity of cementing material, and a clear, shining, and translncent 
appearance on o newly broken surface. Itonndcd grains, and a dull, mealy 



ratface, chsractcrizc soft and perishable sandstone. Tho best saadsfono 
lies in thick strata, from trhich it can be cat in blocks that show rery faint 
traces of stratiScation ; that Trhich is easily split into thin layers is weaker, 
SandstouQ is found in eveiy geolo^cal fonaation aboTE the primary rocks, 
amongst which its place isaapplied by hornstone and quartz rock. Tho 
best kinds on the whole are those which belong to the coal formation ; hni 
they sometimes hare their strength impaired by being dirided into layers 
by extremely thin latninm of coal. 

The colors of sandstonenre Trhite, yelloTrish-red, and red, the latter 
colors being produced by the presence of peroxide of iron in the comenl- 
ing material. Crystals of ralphurct of iron are sometimes imbedded in it ; 
when exposed to air and moistare, they decompose, and cause disintegra- 
tion of the stone. They are easily recognized by their yellow or yellowisli- 
gray color and metallic lustre. Sandstone is ia general porous, and capa- 
ble of absorbing much water; bat it is comparatirely littie iojared by 
moisture, unless when built with its layers set on edge, in which case the 
expansion of water ia freezing belweea the layers makes them split or 
** scale*’ oS from the face of the stone. When it is bnilt on its natural 
bed,” any water which may penetrate between the edges of the layers has 
room Tcadily to expand or escape. 

The better kinds of sandstone ere the most generally nsefol of all build- 
ing stones, being strong and lasting, and at the same time easily cut, sawn, 
and dressed in erery way, end fit alike for erery purpose of masonry. 

6. ir. Abcillaceocs or CtATEvSTOifts are those ia which alumina, 
although it may not always be the most abundant constituent, exists in 
eofficient quantity to giro the stone its cbaracteristic properties. 

1 . Porphyrt/ consists of a mass of felspar, with crystals of felspar, and 
fotnetimes of quartz, hornblende, and other minerals, Fcaltored through it. 

It occurs of all degrees of hardness. The rariety in which the felspar 
matrix is soft and earthy, is called elaystone porphyry ; it is of little or no 
value for bmhling purposes. The hardest kind, in wbicli the matrix is 
compact and crystalline, and the wh<de material bcantilalJy eolored and 
capablcof taking a high polish, ia aoraetuncs stronger than grauitc. It U 
rare, and is valued in building for oroamcntal purposes. 

2 . Cloy Slate is a primary stratified rock of great hardness and density, 
with a laminated elrncturo making in ^ncral ft great angle with its planes 
of stratification. Its colors are bloish-groy, blue, and purple, the darkest 
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colors indicatiog io general tbo greatest strength and .darabilitj, It can 
be split into slabs and plates of small thickness and great area, and is 
ncarl 7 imperTionsto ^ater; qnaUties irhlch make it the beat stony material 
for covering roofs, lining vrater- tanks, and similar purposes. The stronger 
kinds of clay slate hare more tenacity along their lamina: than any other 
'stone TThose tenacity has been ascertained. The signs of good quality in 
elate are, compactness, smoothness and aniformityof texture, clear dark 
color, Instre, and the emission of a rin^g sound vrhen struck. 

3. GraMvsackt SlaU is a laminated claystone, containing sand, and 
sometimes fragments of mica and other minerals. It is used for roofing 
and for flag-stones, hot is inferior to cUy slate. 

7. ‘HI. Calcaueous Stokes, are those in tvhich carbonate of limo 
predominates. They efi'ervesco with the dilute mineral acids, which com- 
bine with the lime, and eet free carbonic acid gas. By tho action of intenso 
heat the carbonic acid is expelled in the gaseous form, and the lime left in 
its caustic or alkaline state, when it is called ^icUimt. Boms calcareous 
stones consist of pure carbooate of Hme ; in others it is mixed with sand, 
clay, and oxide of iron, or combined with carbonate of magnesia. Tho 
durability of calcareous stones depends on their compactness: those which 
are porous being disintegrated by tbe freezing of water, and by tho chemical 
action of an acid atmosphere. They are, for tho most part, easily 
wrought. 

1. Marlh is a compact crystalline carbonate of lime. It is found 
chiefly amongst the primary strata, and generally in the neighbourhood of 
igneous rocks. It is translucent, capable of a floe polish, sometimes white, 
and sometimes variously colored. It is one of the most durable of all 
stones. Its scarcity and value prevent its being used except for orna- 
mental buildings. 

2. Compact Limestone consists of carbonate of hme, cither pure, or 
mixed with sand and clay. It varies in hardness and compactness, some- 
times approaching to the condition of marble, sometimes to that of granu- 
lar limestone. Its most frequent colors arc white, grayish-blue, and 
whitish-brown. It is found amongst primary and secondary strata, and 
abounds specially in the coal and lias formations. It is very useful as a 
buildmg stone, and is durable in proportion to its compactness. 

3. Qramlar Limestone consists of carbonate of Hme in grains, which 
are, in general, shells or fragments of shells, cemented together by some 
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compound of lime, eilica and alumina, and often mixed with a greater or 
less quantity of sand. It is always more or less porous, and the less 
porous tho more durable. It is found of various colors, especially ■white, 
and light yellowish«brown. In many cases it is so soft when first quarried 
that it can bo cut with a hnife. and hardens by exposure to the air. It is 
found in various strata, especially tho ooUtie formation. It there appears 
in the form of Oolite, or Hoeaione, so called because its grains are round, 
and resemble the roe of a fish. . The pleasing color and texture of oolite 
and tho ease with which it is wrought, have caused it to bo much used in 
bmldvng, especially where delicate earring is required. The dniabiUty of 
oolites varies extremely. The Portland stone, the Bath stone, and the 
Aubigny stone (from Normandy) are examples of dnrable oolites. The 
perishable kinds of oolite decay more rapidly than almost any other stone, 
especially in an acid atmosphere. . 

4. Magnesian Limestone, or Dolomite, is found in various conditions, 
from the compact crystalline to the porous granular. In Britain it is 
found in the new red sandstone formation immediately above the coal. It 
is like limestone in appearance. Its durability depends mainly on its tex- 
ture \ when that is compact, it is nearly as lasting as marble, which It re- 
sembles in appearance j when porous, it is very perishable. 

8. Indian Stone. — In the followiog paragraphs, are quotations from 
several pamphlets, returns, &c., published regarding building stons found 
in different parts of India. 

GwAtion Sandstone, from a pamphlctbyMajor-Geal. A. Cunningham, 

R.E. 

1. Ainthi Sanditone —The AIntbi rock is ihc coarsest of the Gwalior sanilstoncs ; 
many of the grains of qnarU being as large ns mnstard or opinm seed. The usual 
colors arc pinkish -white, or ochreons yellow, with occasional short stripes or bars of 
black- The white rock, which is of less coarse texture than the other, is a very hard 
silicious schist. On account of its hartlncss, it is universally employed for the manu- 
factnro of corn-mills, which arc largely exported to the Gangetic Doab, and to all tho 
districts sonth of the Jumna. The stone is occasionally quarried for beams and thick 
slabs, for which it is well adapted by its superior strength, but its extreme hardness 
and consequent difiscnlty of being worked completely prevents its use, excepting only 
in the villages immediately surrounding the quarries. 

2. Paraoh Sandtfone. — ^This is a very hard, fine grained, compact white sandstone, 
with ^ery little, if any, admbsturo of clay. It is used both for beams (riV) and for 
long thick slabs (.patli), for which purpose it is considered snperior to all the other 
Gwalior bnilding stones. 

3. Ttlri Sandstone.— Ibis is the finest groined, hardest, and strongest of all the 
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Gwalior sandstones. Its color when fredi brolccn is a dall blne-grccn, which gradn* 
ally changes to oliTc-grccn. It is ncrer nsed by natircs on aecoont o{ its citreme 
hardnesSi which destro}s their tools in working It. ’Ihescrandah of the Bcsidcncy 
is pared with slabs of this stone, which were once polished, but the polish is not 
lasting. It is comparatirely soft when first qnairied, bnt it soon acquires great 
hardness from exposure to the air. 

4. Samor Sant/ffoae,— Bamor ii one of the principal qnames for the supply of 
Gn allor with hnllding stone, on aceonnt of its ea^ly accessible iltnation on the high 
road. The stone la readily quarried Into tUbsof rariou thickness, owing to the 
natural clcaiageof the rock, which Uof a dirty white color, marked with orange 
specks. It is considered the host etooe for slabs, as it will bend nearly half an Inch 
before t breaka. It is aUo used for beams and thick roofing slabs which arc qiiar> 
ned of a large size ; the first Ifi feet long, with a breadth of 0 luebes, and a driitli 
of 21 inches s the latter 12 feet long, with a breadth of 18 luehcs, and a depth of C 
inches. 

fi. Kulhtt Sandttont — Kulhet sandstone is exactly like that of BaTnor,witb the 
addition of thm lamlnx of mica, wkich determine the lines of clcarage for slab*. It 
IS, however, a softer stone than the Bamor, and is, therefore, used for making lattice 
work, a purpose for which U is well adapted. 

C. Manpoof &iadjfone— Thisstonelsof a dingy pink color, hot of a pnxl elc*e 
texture. It Is soft and easily worked, aod 1$ tliereforc Used for itatocs, and for small 
building stones. Its streugth, bowcicr, is so inferior that it is ncTcr used for beams, 
but is chiefly In demand for cornices and carved work of all kinds. 

The following Telle exhibits the results «f experiments on the shove, collected 
together for comparison t— 
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greater odrantages from its peculiar diameter j it ia easy to cat and siape when first 
dug, and it becomes hard end tough after exposoro to the air, while it seems to bo 
veiy little acted on by the weather. Indeed in many of the scalpturcd stones of some 
of the oldest buildings, temples, &c., in the district, the chisel-marks are os fresh and 
sharp as when first bnllt. It is, per^ps, not so strong, nor so capable of resisting 
great pressure, or bearing great weights, as some of the sandstones, or the more com- 
pact kinds of gneiss, bet It certainly possesses uapl;^ soSeicnt strength for all or- 
dinary purposes. It is largely used at the present time, but has also been emplojcd 
from the earliest period from which Iho temples and buildings of the country date. 
And the elaborate specimens of carving and ornament, which some of these present, 
show that nodnlar structure and irregnlar snrfaco of the laterifo do not prevent its 
effective use for sneh purposes of ordinary omamentatlon, as mouldings, &c. Another 
advantage it possesses over other rocks is the facility of transport, it being generally 
found in the low grounds, and often at no great distance from some of the many 
streams which traverse the ricinity. 

Slabs from four to five feet long are easily procurable of this rock. They arc quar- 
ried in a rude but effeedve way ; a groove is ent with a rndely pointed pick round tbo 
slab I another is made underneath, and then a few wedges driven in split off the block. 
The more loose and gravelly forms of the latcrito are universally used for road-metal, 
for which purpose they ore admirably adapted. 

In Orissa, Oneits and Sandstone are also quarried in places for boildisg purposes. 
Aocieut sculptures on both are found. The cares of Khnodegcrce, aud the temples 
of Sobanessur arc both of sandstone, while temples with statues of Hindoo deities 
carved In gneiss are common in many districts. The variety generally worked is one 
of the kinds of garcetlfcrous gneiss. At Xeeltigcr, miU-stoues are manufactured, to 
a considerable extent ; In other places drinkiog cups are made of gneiss. 

The chloritlc and serpendnons beds in the gneiss arc manufactured into plates and 
basins, wherever they occur. In Midnapore district, and close to its boundary, in 
hlaanbhoom, and in the Kilgiri hills, are the principal seats of manufacture in these 
districts The rock yields o beautiful compact and very tough material, though soft 
and easy to work. It is admirably suited for fine carvings, as may be well seen in 
some of the beautifully sculptured doorways of the Black Pagoda, which are carved 
from this variety of rock. Blocks of almost any sue can be obtained, the only im- 
pediment being the difficulty of transport from the high hills on which it generally 
ocenrs. 

10. Trichdcopoly AXP Soern AECor.-^The only buildings, properly so 
called, for which stone is employed by the natives, are the lower portions of the large 
native temples, for which gneiss alone is used, whatever be their situation ; and the 
small village Roeils and chuttrums (or native rest-houses), which are constrocted 
nsnally of the stone nearest at hand, on flie cretaceous rocks, generally of some form 
of limestone. A large quantity of roughly hewn stone is also employed by the natives 
for revetting the inner slope of the larger tank bonds, and for constmeting the Aahn- 
gulns, or waste-weirs, ns well as forwalling the large rectangular irrigation wells or 
boirUes when sunk in loose groond. 

The Cretaceous Limestones through not very durable are quarried to a considerable 
extent, for the construction of small village pagodas and chuttrums. The chief 
locality from which stone for this purpose is procured, is the ridge at the base of the 
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Oclatoor wticli extends from roratft^ to Vylapandy ; mneh is also obtained 
from the ridges of coral-reef and sedimentary limestones, similarly situated, at Assoor, 
llara^Tittoor, Cullpnudy, Sirgnmpoor, Varaganpady, atid many other places furtlier, 
to the southward. The ridge of shell limestone at Garoodamungnlum and Alunda- 
rapnram, is another favorite locality, and indeed wherever a hand of limestone .or 
calcareous grit crops out, heaps of fragments and lines of wedge holes show tliat the 
spot is occasiou.ally resorted to by the native qnarrymen. 

These limestones ere of various degrees of parity. Specimens of the coral-reef 
limestones, analysed hy Jlr. Tween, gnic from 95 to OS per cent, of carbonate of lime. 
The Olapaudy limestone, is somewhat less pure, and some of the calcareous grits, 
such astho'ein the upper part of the Octatoor group, between Kolokhannutnm and 
Shulanurc, do not contain probably more than 20 per cent, of calcareous matter. The 
coral-reef and purer acdimentary limestones arc tolerably compact, but, as may be seen 
lithe coping stones and drip stones, and the exposed mouldings of knuU built of 
these rocks, they are hut ill qualified for exposed exteriors, where they rapidly j icld 
to the heavy tropical rains. These stones being soft, and easily worked, arc used to a 
considerable extent by the natives of the district for ricc-mortars and water troughs. 

Tile Sanditonei of the Cnddalore group arc quarried to a small extent at Vclnr, 
near Verdachellum, and at VellninpalcyAn.onthe bank of the Gnddalnm. The stone 
is compact, taodemtely fine in grain, and being jointed in two directions, is easily 
quarried. It is worked for the household purposes above-reentiened, and is also used 
to some extent for dry walUng The mile-stones on the roads about Terdacbcllnm 
are also made of this stone. It appears to be well adapted for bnilding, but I am not 
awaro that U has ever been employed for this purpose. 

latenU Is largely used for bnilding wherever it occurs. Its chief localities «o 
at Vollam iuTanjore, and Strimnstram, in tboN.E.of Trlchinopoly. I have also 
noticed it at several places betiveen Tangore and Trichinopoly, and at Andana* 
pet, to the east of Verdachellum, and It probably covers a great part of the Cnddalore 
sandstones concealed beneath the red soiL At Vollam it is cut with a chisel pointed 
crowbar, into blocks 2 feet C inches long, 1 foot wide, and C inches thick. It is when 
first extracted, a flaky ferruginous »andy clay, and rather fnable, but when exposed 
for gome months to the action of the rain and eon, as is usually the case before it is 
used for building, it hardens and becomes covered with a dark polished encrustation 
of hydrated oxide of iron, which protects it from further change, and resists the decay 
of the stone, however long it may bo exposed. At VuUam it is much used by the 
natives in bnilding their houses, in preference to brick, md the Vqllaur annient at 
Chetta-tope, near Bhonagiri, is built in pait of this rock quarried at Strimnstram. 

11. Keeloheurt IIiLls— Almost the ouly article of any economic value fur- 
nished by the crystalline rocks of the Keelgheixies is stone, whether for the purposes 
of building or road making. The various forms of the gneissoso rocks are abundantly 
obtainable for cither of these purposes, but for the former they have been hitherto 
extremely neglected, the only buildiog in which stone has yet been employed bemg a 
private house in Ootacamund, which, from its singularity in this respect, is generally 
known as “Stonchouse.” The reason for this prefereoce of brick over stone is nndoubt. 
edly its comparative cheapness ; the advantages of the superior durability of tbe latter 
matenal and, what on the Neelghtrrics Is a natter of no small importance— its dry- 
ness— have been sacrificed to a present saving m cost. 



In manj parts of Jfysorc, the foliated reels eshibit a great tcnilency to scale off 
in large slabs, vat^-ing from a few inches to one or two feet in thiclness ; nml ns this 
variety of the rock is very free from vertical joints, long narrow post-shapctl blocks 
and slabs of various sizes, are readily ent by means of a row of iron « edges dnven 
into holes previously cut with the chisel* 

On that part of the hills east of BiUicnl, which overlooks the Mysore country, 
gneiss of somewhat similar stractnre ocenrs ; and again on thcLovcdalc flank of 
Elk Hill, near Ootacamnnd j in the Kaitce valley ; and very extensively on the 
Borfhem escarpment of the Dodahetta range. In these localities, the slabs arc in 
most eases much thicker than those quarried in Jfyaore. 

The rocks of the Neelghemes are but raiely well jointed, and when they are so 
the stone appears to have a greater tendency to decompose in conscqncnce. There 
are, however, one or two localities on the Coonoor road where the rock is advantage- 
ously jointed for qoarrj ing purposes, and large blocks of a more or less rectangular 
form might be obtained Tjie gneiss of the Knndabs, especially in the ncighbonr- 
hood of Sispara, is very finely joinfcd, bat the great distance of that locality from the 
inhabited part of the hills and dlflicalty of transport, preclude the possibility of work- 
ing the stone profitably. 

By far the most valuable of the ciystalline rocks described in this memoir is the 
Ximestone near Coimbstoor, which was first discovered by Dr. Coroisb, the Cnil 
Surgeon at Coimbntoor. This stone might not only be employed for the manufaetaro 
of lioieof great purity, bat morcoverowiog to Its softness and its nondiability to 
decompose, might be ndvantsgeouslynscd as bnilding stone, except for such parts of 
a structare, as present sharp angles, and are at the sometime exposed to much mecha- 
nical wear. Being moreover susceptible of a high polish, and very transparent, it 
woflid afford a very beautiful material for internal decoration, the effect of which 
would be enhanced by the judicons selection of slabs of rnrious tints. Fink and gray 
occasionally approaching white, are the prevailing colors of the stone, 

12 . MADnas Stoxes.— -From the Indian Joamal of Art, Science, 
and JInnufacture for IflSC, 

(haniies.—'Xite granites occur of three distinct periods of formation ; the oldest 
being composed of very large masses or crystals of felspar, quartz, mica and horn- 
blende. In many parts of southern India these granites form the low nndalating 
rounded hills or level conntry at the base of the bills. The felspar and mica are for 
the most part decaying and soft, the qnartz and hornblende arc little altered. These 
granites have been followed by the npbeavingof n small grained series, composed 
chiefly of sicnltes and pegmatites, which arc of a more compact and durable nature. 
Jfany of the rocks of this doss ore vciy onmmcntal and well suited for building pnr- 
pewes. In some localities they partake of the tabular character of gnel«s, but arc 
often deofitutc of mica. The most recent granifes are of a still finer grain, and in 
a few localities tliey resemble aandstoijes, bnt the constituents can be defected with Iho 
nidof alcRs, the felspar being in smallest proportion and the quartz and mica incxccs«. 

Traj> and <7rre/i»toae.--NcarJy allied lo this last class, arc the traji, quartzosc and 

• lo Jljvora tbe eltctrla ulffraph wlro ti aopported on itoos port* of »M* il''*fTtrtf®n upward* of 
twmty fert In Irrptti. ann «Tfr*rlnp abnt nine inches a^uare In section. 
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inrcntlore mrkf, trliicli «re Tfry Brnmn^ und ftass Inlo cath nllier. Hocks ol this 
cltw arc tnocli n»cil by the n&tirt* for boiMinj; ami patin;; porposc^. 

/iinilitttfif e»d WMrltrcnr.—Arrrr sriJclrdI«*cTninatc<l cW<of formations belong' 
Ing to Uic tnin*ition are the Mnd<U'ne«, prlU, «hct*tone^, »Iatc<, am! soft 

Tt*einMing Tripoli. These ocenf In very prat abnnjanec along the la«e 
the Ha»tm> Ghats, ard In moil of thcranpaof pnnite hills in Mysore, Cudilapah, 
ami the Cc<lc«l I)i‘tricts. In some loralitlc*, as In lonth Areot, Kcllorc, ami Cnd- 
lUpah the l-eds of sandstone are of mormoat thickness, yielding freestones trhetstoncs, 
and i>f>lishing shales of es cry variety of color ami hardneei. In the Nellorc district, 
the sanJ<toncs arc Iniprr(rna!c<l with emery and iron ore t at Vellore and parts of the 
Ceded Ihitrirt* they arc of a slaty fractorc, hai\! aril siHcioms t at Sadrns, Tripetty, 
Coddapah, Ilsngilore, Soondoor, and Kalndgee, they are of s softer nature, being 
frequently associated siHth TripotL At Sadras the sandstones arc accompanied by 
allaria] ochrrr pmice and bltcminons srood. 

ffatrs,— Tlie slates of soathem India arc for the moat part coarse, soft and 
alcminnni. A. Line slate nell snited for pastng purposes and for cook'room 
tables, occurs near Coddapah. Grttn alum slate oeeenrs at Woontimettah, and hard 
Llaek and yellow slates containing targe quantities of Iron pyrites at Knndial, and 
Bear Kureool, la the Ceded Dirtrict*. 

Diamond Sindrtenf and /Ireeefea— Another Intemting elaas of formations near* 
iy allied to the last are the diamond aandstones and breccias. These corer largo 
tracts of eouatry in the hlasalipatoffl, ITydenhad and CndJapab districts. The 
landstones are moetty (Im grained, hard and qurttosc, being fteqnenUy coated by 
layers of Iron ore and sesqnloside of manganese. The brteeUs are often very harvl 
and of all shades of color. 

ileftietian Aflaerofs.— ^fagBCstte, eteatite, and serpentine are shnudant In sc\eml 
districts. Prccions eerpeotine occurs near 8cringapataa, and in email qaanbtics 
along with the softer kinds at Chittoor. 

J/jrifea.— hlarhies and compact limestonet are found In great abnndanco in 
southern India. The large graised. primitive, and highly crystalline rarieties at 
Coartallmn, TlnneTelly, Salem, hladura and Kellorc. 

ZlmtrioHei —The fine grained, compact, secondary limestones occupy extensive tracts 
of country through the Ceded Districts, Guntoor, Masnlipatam, Hyderabad, ond the 
Southern Mabratta conntiy. Fossil limestones arc found at Cape Comonn, Ootatoor, 
Pondicherry, Scedrspett, Trivaesrey and Sadras. Varieties of blue, gray, and black 
mountain limestones oeenr in BCTcral parts of the Prcsnlcncy. 

13. TI)c Ilnjmclial bills in Bengal, tbo rocks of Central and Western 
India, and many other localities also contain many varieties of stone suitable 
for bnilding purjioscs, but there arc no detailed accounts of them available. 

PcNJAB Stoneb.— (From Beport of the Punjab Exhibition of I8G4). 

From Sahl Balabgarh, in the Delhi district, there is a good collection of bnilding 
materials, whicti includes the red, the spotted and the light<oIorcd sandstone, so much 
used in the large buildings of Hindoostan j and from the same place arc polisltcd 
blocks of white marble, and of a pretty dappled gray marble (called HamanI marble) 
which last is also exhibited from the Ilissar district. 
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From the KoBgra district there are graj- limestone, sandstone of hro sorfe, (bofi 
good for building,) and granite. Sent from Madbopore, is some nice workable sand- 
Btone which roust come from the hills, abora that place. From Kashmere there is 
Borne black marble and some polished slabs of serpentine, which is found at Tashgim 
in little Thibet. 

From the Salt Kange (Jhelnm and Shahpoor districts) there are good bnilding stones, 
Bandstone and calcareous sandstone ; from Jhelnm are specimens of marble ■nbich 
might become useful for baildlBg ; ftraong tfiia series must be counted the gypsum or 
alabaster of the same hills (sometimes wrongly labeled soapstone, or marble). The 
harder varieties of this might be used for interior decorations, while the general run 
is fit for making plaster of Paris, of which there is one specimen from Shahpoor. 
From Dera Ismael Khan, there is only some soft white limestone, from Jlohat a 
cellular limestone, used in mbble masoniy ; white from Attock are two or three kinds 
of stone, calcareous sandstone, a variegated limestone, granite and sienite ; there is 
also yellow marhle from Pcshairnr, and argillaceoos hmestoae from Abbottabad. 

The aeries of slates exhibited arc very fine. There is one immense slab, 12 feet 
long, from the Ualhousie quames. The slates arc some of them inKCd and veined 
like marble 5 they arc generally of a blnisb-gray tint not inclining to purple, nor 
have they the fine texture of Welsh slates, being much more schistose. They are used 
nniTersally io the hills both for flooring and roofing purposes. The cutting of slates 
for roofing purposes is somewhat costly, and even at the quarries they fetch a high 
price.* Occasionally they are brought to the plains, when an esterpriring costractor 
undertakes such a task, otherwise elate is bot seldom met with. 

la the KhutluTs hills, on the N. W. frontier, and in the Ourmchpora 
hills, in Bengal, excellent beds of elate are also found, snitable for fiooring 
or roofing. 

The Sylhet limestone in the Khasia bills (N.E. Bengal) ig well Icnown, but 
it is priucipally used for burning into lime. 

The Fed sandstones of Agra and Bhnrtpore were much used by the old 
Moghul builders at Delhi, Agra, Ac., and being easily worked and dura- 
ble are very suitable for ornamental architecture. 

The Quartzose Foci of Delhi is a most durable and rnlnable bnilding 
material, although very intractable. The famous “ Kootab Minar, " now 
more then sis centuries old, gives satisfactory evidence of the durability 
of tbe material of which it is composed. The body of the pillar is made 
up of the strong quartz rock found abundantly in the neighbourhood, 
and which, from its compactness and highly crystalline character, shielded 
as it is, moreover, from direct atmospheric influence, will remain nndeteri- 
orated till tho enter shell has been reduced to dust. It is encased in 
sandstone of a fine and equal grain, very much resembling in this respect 


As Ueb as Bs. 8 per ICO. 
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the Bhurtpore and Boophae stone. It is liver colored, with numerous, 
chiefl/ round, crcam-colored spots, proceeding’ /mm tie section of a 
spheroidal mass of that color. 

14. The greater portion of Centra] and Western India is covered by an 
immense overflow of trap, so extensive indeed as to embrace on area of 
something like 160,000 square miles (about the size of France). Frqp or 
basalt (yiie ante p. 4) is an auntie lava generally consisting of about 46 
silica, 16'5 alumina, 9 lime, 20 oxide of iron, and 3 or 4 soda. Trachyte 
is a felspathic rock. Between trachyte and basalt are innumerable varie- 
ties depending on the proportions of nngite and felspar, and on tlie admix- 
ture of olivine, oxide of iron, hornblende, quartz, and many other minerals. 
Trap or basalt is largely nsed in Bombay j it can be obtained in largo 
blocks : those prepared for the lightboose are 25 cubic feet, and weighing 
nearly 3 tons. A description of tbc masonry In this trap coontiy is given 
by Mr. Horace Bell, C.G., in an article in the “ Professional Papers on 
Indian Engineering, ” [Second Series, Vol. I.,] from which the following 
remarks are extracted. 

I( woold he diiBcoIt to give any general description of the appeoraoco of trap, ft 
Inclades a great variety of dliferent looking and differently valnahle rocki of all 
eolorj and degrees of hardness. One may see yellow trap (Cooria, Bombay,) bine, 
red, pink, green, gray and spotted (amygdaloid ;} bot I need not say that color is no 
gude to the engineer in eelecting a stone. Neither, indeed, ie locality ; for one ridge 
w-ithin a square mile may yield a stone which will disintegrate almost literally into 
mnd in the first monsoon, while another ridge close by may afford a stone sneh as I 
have seen in gome old temples on which the tool marks are dearly seen after beiog 
bnilt about 1200 years. In effect, the selection of stone for a work of any penna* 
Deuce, or that more particularly has to cany a heary load, is one of the most responsi* 
blc daties of the engineer in a trap country. Generally, the hardest stone may be 
assumed to be the most dnrshle, thongh this is not always tbc case : as for instance 
basalt which has s columnar stmctorc, may come out of a quarry seemingly hard 
enough for any work, hot which will be in fragments in perhaps a few months after 
exposure. The prominent feature in trap or basalt is its hanluess, aod what may be 
called intractability, and it is this that, making it so cruelly difficult and expcDsire 
to work, tempts both contractor and engineer to seek a soft and frequently unreliable 
stone. With bat few exceptions, I bare noticed, that tbs cellular and amygdaloidat 
trspa are the most liable to disintegratiou, so also are those that have a rusty gray 
color* on fracture. The best, I shonid consider, to be the bIoei<h green basalt, which 
is s’eiy hard and heavy, haring a spectfie gravity about OtlO, and which rings like a 
metal on being struck. Cut, as I have before said, there is to reliable guide in color 
or appearance, and the only safe test u the edd one of finding out old bnildings and 
quarry faces. Failing these, which may not be always found, one must trust to the 
• fres ezllt et Iron. 
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expcntnec of otlifr*, or t'> chance to acttfc the mittcr. It wou! | !< U'cle^^ here to 
Clce the rainr^ anj chiraetcr^ of the yctt 0<an«rooi rocVi whkli v-c may Indotlc un* 
tier the tcna trap. It it lufllcicat for os to rceo^Iw the ftcl u{ Ute great noaiber 
of tliffcrcal ta&tctialt to be foaad ta the trap artn, and to bo wary In eilnj any one 
that bos not r*’ahlUhM a character already for tlarabUity. 

I ciTc here a table of some experimeets I made to deicnaine the ahaorptlon 
of torso hiedt of trap rock compared with other well known rnaterlali. 
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tioti of sulpli&to of soda, aud weigh the fragments so detached from a 
block of a giren size and surface in a giren time. 

The only sure test, however, of the darability of any kind of stone, is 
cxporienco ; and the engineer who proposes to uso stone from a particular 
stratnm in a particular locality, in any important stmetnre, should carefully 
examine buildings in which that atone has been already used, especially 
those of old date. 

The great difference which may exist in the durability of stones of the 
eamo kind, and presenting little difference in appearance, is strikingly ex- 
emplified at Oxford, where Christ Church Cathedral, built in the twelfth 
or thirteenth century, of oolite from a quarry about 15 miles away, is in 
good preserration, while many Colleges only two or three centuries old, 
built also of oolite, from a quarry in the neiglibourhood of Oxford, arc 
rapidly crumbling to pieces. 

The effect of diversities of clmate also Is exhibited in the present 
condition of the Obelisk of Luxor, which, brought from upper Egypt to 
Paris, has become blanched and full of small cracks during the forty years 
it has stood on the Place de la Concorde: although forty centuries had 
not perceptibly affected it as long as U was in Egypt. 

16. Preservation of Stone.— The decay of all natnral building stones 
is the combined effect of Tarious eanses:. dust, spiders webs, the action 
of T&xn, Lepra antiquitatis, (a minute lichen, which is on^ of the worst 
enemies of stone), hasten the decay of stone, especially of those parts where 
any scolpture or ornamental carving promotes the deposition of dirt aud 
dust. The various processes which have been tried or proposed for the pre- 
servation of naturally perishablestouc, all consist in filling the pores of the 
stone at and near its exposed surface with some substance which shall exclude 
air and moisture. In every case the surface of the stone should bcpre]>aud 
to receive tlie preserving material, by expelling the existing moisture ns 
completely us possible; and this is easily doue by the aid of a portable 
furnace containing burning coke or chaicoal. The principal preserving 
materials are the following : — 

Lituminous matter, such as coal tar, is very efficient, but unsightly from 
its color. It is possible, however, that a colorless or light-colorcd litu- 
ininous substance, suited for the preaerration ot btoiie, might be prepared 
by di-soh iiig “ paraflinc ” ui pitUi-oil, or by boiiic such process. 

Dryavj Oil, such us linseed oil, cither uamixed, or os an lugrediciit of 
VOL. I.— Tnii'.n bDlTlOX. D 
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paint, protects tho stone for a time ,• bnt it is gradual]/ destro/ed by tbb 
oxygen of tho air, so that it requires renewal from time to time ; and it 
injures tho appearance of tho stone. 

SiUca(e of Potash, or soluble glass, is applied in a state of solution in 
water, either alone or mixed with silica in fine powder. It graduallj har- 
dens, partly through the evaporation of its water, and partly through tho 
removal of the potash by the carbonic acid of tho air. 

Silicate of Lime is produced by filling the pores of the stone with a so- 
lution of silicate of potash or aodn, and then introducing a solution of 
chloride of calcium, or of nitrate of lime. Tho chemical action of the 
two solutions produces silicate of lime, which forms an artificial stone, 
filling the pores of tho natural stone, together with chloride of potassium 
or nitrate of potash, as tho case may be, which salts, being soluble 
in water, arc washed out. 

The efficiency of the last two processes, and.of various modifications of 
them, has of hto been much contested. Time and experience only can 
shew their real merits. 

Placl‘ Oxide of Copper and its salts have been used is many places, 
and the length of time which has elapsed since their application seems to 
warrant the conclusion that their compounds acts ns preservatives of stone. 

17. Artificial Stone, — The idea that stone could be cheaply pro- 
duced by artificial means, and monldcd to any form required has gradually 
forced Itself upon tho minds of modem inventors, and has home fruit in 
a large number of ijroccsscs more or less practical and adapted to secure 
tbo end in view: which however can be but briofiy noticed boro by tho 
mention of one or two only of the various methods in use. Perhaps the 
best known of them is tho celebrated Pansome process. Pansomcb 
patent silicious stone has been lately imported into Bengal, and used in 
the Xawab’s flew pafacc at Mborsfiedahad, where its beauty and utility 
have been highly commended. ► 

Tho followiog is an account of Ujo process of raanufocluro : (which was 
lately regularly carried on in Bombay, by Jlr. Pye Siiiitli, Pansonie’B 
Agent, in tbo Pcclamatiou AVorksliops, and Ibc stone used for mouldings 
of tho Post office and other public buildings) 

Tho material is niado, by preference, of finely sifted dry sand. A small 
proportion of pulverized stone Is added to the sand, to give the tilicnlo 
of lime produced in tho manufacture the necessary closeness of surface for 
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its cementing action. To crcrybushel of tlio mixture about one gallon 
of rfC'parcd silicate of soda (melted flint) is added, and tlic whole mass is 
then thoroughly mixed and incorporated in a simple mill, from which it is 
taken — a putty-like plastic snbstonce — in n fit condition for the moulds. 
The mixture of each charge of the mill occupies only from three to four 
minutes, and is remarkably complete. 

Tlie moulding is, for the greater part, dono in wooden moulds, but in 
some cases metal, and in others plaster of Paris is employed. The prepar- 
ed mixture is pressed into the mould by means of suitable tools provided 
for that purpose. A peculiarity of this material is, that mouldings retain 
the precise form in which they emerge from llie mould, without enlarge- 
ment, contraction, cracking, or warping, which is not the case with mat- 
erials that are burnt. 

The men, when they have taken their work from the moulds, place it 
upon a bench, where by means of a flexible hose, it is drenched with a 
solution of chloride of c.alciuin, in a cold state. The chloride of calcium 
acts rapidly upon the silicate of soda, and solidifies the mass. The cast- 
ings are next conveyed upon tracks to the adjoining room, where they are 
immersed in cisterns containing a solution of chloride of calcium having 
a specifio gravity of about 1*4, and a temperature of about 212*. The 
chemical action between the silicate of soda end tbe cblorido of calcium 
is consummated iu this stage, and results in tbe formation of what is 
tbooght to be an insoluble silicate of lime, which envelopes and joins all 
the particles of sand, gravel, chalk, detritus of stone, or other mineral 
base, of which the block or casting b composed. After the work has 
been thoroughly saturated by the boiling calcium, all that remains to com- 
plete the process is to wash away the chloride of sodium, or common 
salt, which has been evolved by the combination of the sodium with the 
chloride. This is done by means of troughs with perforated bottoms, that 
dbebarge a copious shower-bath npou tho castings. This part of the 
process must be very carefully carried out, for, if a stone saturated with 
Chloride of Sodium is allowed accidentally to dry, it will immediately 
split up : and if this salt be not thoroughly removed by the washing process 
from the stone before it is allowed to leave the factory, the surface of the 
stone will disintegrate. 

Some experiments have been made to show the strength of the concrete 
stone, as to its power to resist both pressure and tension. A 4-mch cube, 
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made fourteen clays previously, remained intact under 35 tons, and was 
cruslied by 40 tons. A second cube, of tlie same size and age, was dam- 
aged at tliccdges by 35 tons, and wascrushed by 44 tons. Of itsstrengtb, 
however, there is no doubt. The question, of course, is what clTect long 
exposure to atmospheric changes and the weather may have. 

In the manufacture of this stone at Hombay by Lieut Ducat, It.E., 
the best results were obtained by adding 6 parts of sand to 2 parts of 
wliiteclay ormoorum. Tins was mixed in a Ransome's mill for 10 minutes, 
moulded, and immersed in cliloiide of calcium for 40 hours, boiled for 
4 hours, and allowed gradually to cool. It was then washed for 72 hours 
in running water and diied. 

'Diere seems no reason to doubt that this material could be successfully 
prepared iii numerous loealttes in India : but the question of cost has not 
been yet satisfactorily solved. Up to 1B70 the stone made at Bombay, 
bad been turned out at a rate of Rs. 8-8 per cnbic foot, but Mr. Pyo Smith, 
was of opinion, that it would hereafter bo made for Bs. 5 per cubic foot. 
At this rate, however, it could not compete with the natural stone at Bom- 
bay. 

The process invented by SI. Sorel, a celebrated French Chemist, pro- 
duces also most satisfactory results. It is a sand concrete, having for its 
basis the use of oxychloride of magnesium (a new cement discovered hy 
JI. Sorcl). 

Tlic process of mahlng stone by this method is as follows:-— natural 
Magnesite — Carbonate of Magnesium— is first calcined, which reduces it 
to the oxide of magnesium. In this state it is mixed dry in the proper 
proportion, by weight, with the powdered marble, quartz, sand, or wlint- 
crer material forms the basis of the stono. It is then wetted with bittern 
water, which converts the oxide of magnesium into the oxychloride. The 
now semi-plastic mixture is rammed into moulds, where it speedily 
hardens suflicicntly to lie tahrn ont and laid on skids. In two hour's 
time the stone is so liard, tliat the heaviest rain will not wash the comers 
eff, and in from n week to two weeks tho stones may be marketed and used. 
Tlicsft stones are, according (o good autbority, capable of witlistniidlng 
even more severe wcstlicr tc«t5 than natural stones. 

Tbe I'ictoria Slone is a new Lind of artificial stone invented by a 
clergyman, the Rev. II. Illghton. The process by wbich it is made 
con'ists in mixing Ird.cn granite with bydratiHc cctnrnt, and Btcoplng 
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the whole, when set, in a sototion’of silica. The granite nsed is the 
refuse of the qtiarries, and is broken up at the works. It is then mixed 
with Portland cement, in proportions of four of granite to.ono of cement, 
snSlcicnt water being added to give it a pasty consistency. In this state 
it is placed in moulds, when it consolidates in about 4 days. '\Vhcn 
taken from the tnonlda it is placed for 2 days in a solution of silicate 
of soda which completes the process. 

Tlie silicate solution is prepared in a peculiar manner, and upon it the 
success of the operation depends. Tbesilicatcof soda has the property of 
hardening any kind of concrete in wliicli lime is a component. Tliis snb> 
stance has been hitherto too costly for general use in artificial stone manu- 
facture, and it becomes caustic by the absorption of its silica, so that it 
attacks the hands of the workmen. 

Jlr. Highton produces his solution in tbo following manner. lie nses 
a soft kind of stone, containing 25 per cent, of silica, found at Farnham, 
in Surrey, England. This stone readily dissolves in a cold caustic soda 
solution. 

The solntion of soda is placed in the tanks used for steeping the stone, 
and tbo Farnham stone is ground and added to the bath. The lime in 
the artificial blocks removes the silica from the solution, which in its tnm 
takes up more silica from tho Farnham stone, and so maintains its supply 
of silica, thus removing the objections aboro named. 

Tlie process is extremely ingenious, and flagging, sinks, mantels, coping, 
cap-stone^, sills, &c., are produced by it. Finely cut mouldings arc not suc- 
cessfully produced, and it seems better adapted to a heavier class of work. 

18. Quarrying.— The Engineer may bo to situated in this country 
that he may require to quarry and raise his own stone; the following 
observations will therefore be useful. The stone found near tho surface, 
which has been exposed to the atmosphere, is not so sound as that below, 
where it has been subjected to pressure, and where consequently it will 
bo of greater density. On opening a quarry, the first consideration n how 
to raise and deliver the stone in the least expensive manner. Tlie work 
should therefore not be began too low, but an excavation made in the 
side of a hill, in preference to the top, that the ro.nj leading to and from 
it may be as gentle as pos«ible. When necessity compels the after-deli- 
very from below, a gentle descent slionid be cut to it, to assist the draurlt 
of the animals emplored,if machinery l>c not avalltMe. 
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that is offers leaf.t resistance to Uic force of the powder. The tamping bar 
is B heavy brass rod, of a diameter a little less than that of the hole in which 
it is to be used, and slightly tapering at the extremities. At each end, 
an open groove is formed along the side, to admit of the bar being used 
with facility, while the ntedU, to ho described immediatoly, is placed in the 
hole. Brass is selected for tamping bars, to avoid tho risk of accidents 
from the charge being ignited by Bparlcs, which wonld be struck were 
iron or steel to be employed. In using tho bar, tho tamping material 
is put into the hole, in small quantities, sufficient to fill from an inch to an 
inch and a half at a time, and each is well and firmly rammed home by 
successive blows. The time required varies with the material used, and 
the quality of the tamping depends much on the dexterity of those em- 
ployed. 

Throngh the tamping, it is necessary that a communication with tho 
charge, for the purpose of priming, ehould bo made. This is done -by 
means of the priming netdle, which is a thin metal rod having a loop handle 
at one extremity, and pointed at the other. Copper is a bad material for 
priming needles on account of its softness ; those of iron about l-16th of 
an inch in diameter answer belter, and to guard against accident by sparks 
being struck by them, they may be tipped with brass. In using the 
needle, it is necessary to grease it well before tbo tamping is commenced, 
and to turn it frequently daring the process, since the friction ultimately 
becomes so great, as to cause nearly half the time requiied for tamping to 
be consumed in withdrawing the priming needle. 

The space occupied by the priming needle is filled with fine powder 
(which is sometimes confined in a straw or fine reed) and which is fired 
by means of a slow matcb, made of paper or linen soaked in a strong 
solution of nitre or gunpowder; and this must bo so arranged as to give 
the person firing it time to retreat before the powder explodes. 

If Midjord's fuze can be procured it is much safer and should invari- 
ably be Used: in this case the priming needle is not employed : the fuxo 
being placed in the centre of the bore while tho tamping is rammed Lome 
round it. In extensive operations, when a beovy charge or series of 
charges is to be fired, the voltaic battery* is now generally employed. A 
good blast should produce a smothered (not a lond) report, and the mass 
of rock should be thrown down without being blown into fragments. 

■ “ lilutlcg unikr wstcr ** Vut U., bowed JwUtloo (rvtu n. 1 •I', ac. 
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20. Upon tbc Jodidoos Eclcction of the poslticm of tbe boles nill in a 
great tneasaro depend tbc nsefol eflect of tbc blast: but two leading 
errors are committed bj qcarrTmenormmcra in general, tu., selecting an 
injodidons position for tbe charge, bj irbicb tbe action of tbe powder 
is exerted in tbe direction of tbe opening where it was introdneed; and 
tbe adopting as a mle for tbe sereral charges, to fill a certam nnmbcr of 
feet or inches of the bole bored, nsnallj one-tbird of its deptb, instead of 
employing giren weights adapted to tbe Untt o/Uatt retUtanee. 

Tbe lint cf hast rttulance is that line bj which (he explosion of the 
powder will find the least opposition to its rent in the air. This need not 
neccssarilj be the shortest line to tbe sorface: as for instance, a long line 
in tarih roaj, from tbe same charge, afford less resistance than a shorter 
line in roth. Eepposing the material in which ‘the explosion is to lake 
place, be of nai/onn consistence in crerj direction, charges of powder 
to produce similar proportionate rcsnlU ought to be as the cvle» of the 
lines of least resistance, and not according to any fandfol deptb of bole 
bored. Thus, if 4 ounces of powder would bare a giren effect npon a 
•olid piece of roeb of 2 feet thick to tbc surface, it ought to require 
ounces to produce the same effect upon a piece of similar rock feet thick ; 
that is>- * 


Cnbe of 2 feet 

Cbar^ of 

Cube of S fut 

Pbar^ 

(line of least 

* powder 

(lue of least 

resistance.) 

la ooncca. 

misiasca.) 
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4 so is 

27 to 

131 


or, what is the same thing, half (be cube of the line of least rcsUtancc 
expressed in feet, will, on this particular datum, be tbc cliarge, in ounce?, 
as follows 
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These quantities being of common tucrclianU' blasting 

f/)wder, will be 


louud adequate fur aiir rock of vnlmary tenacity; but a precise datum 
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ehottld ba ascorfcaiaod by a few ootaal experiments oa tHo particular rock 


The .'iccompanylng ekctchcs sliow an flclroiroUo metbot! of arranging 
Wast-boles, being illiielratjons of tbo raodo adopted in blasting tbo Mont 
Cents tunnel, tbo most recent and grand example of (bis form of En- 
gineering. This tunnel, nearly 8 miles in length, occupied 12 years in 
construction, at a cost of about £224 per running yard. Not a slnglo 
steam engine tras used on (bo trork, ororytbing being done tritb com- 
pressed nir, or by liydrnulio profisure. Tbo system adopted was as follows 
A bole 4| inches in diameter was made to a depth of about a yard, towards 
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Rfty to fiixty holes, according to circumstances, of less diameter, but of 
about c(^aal depth, ^ere then driven into the remainder of the face. All 
the holes were then dried, and cleaned by jets of compressed air, the 
“ Affut ” Tvas withdrawn behind strong iron bound doors, and six of the 
small holes nearest to the large one were charged and fired. Tlie force 
of the explosion went in the direction of least resistance, that was toward 
the centre hole, and a breach was made sneh as is indicated in the longi- 
tndinal section, by the thick dotted line. The remaining holes were then 
charged and fired in sets of six or eight at a time, those nearest to the 
breach being exploded first. This system was found more economical than 
firing a large number of shots at one time. The wagons were then ad- 
vanced, and the debris was cleared away ; the two pairs of rails at the sides 
shown in the cross section, were for 
wagonettes, whose contents were after- 
wards transferred to large wagons. 

The “Airdt"wa3 then again advanced. 

These operations were repeated with 
unvarying regularity twice every day. 

The “ Affat " is a ponderous frame 
supporting nine of the machines known 
as “perforatrices,” each pcrforatrice 
propelled n boring rod which struck 
the rock at the rate of 200 strokes per 
minute, with a force of 200 B)s. These 
perforatrices were driven by means of 
compressed air : the compressive force 
being obtained from the water of a 
mountain stream near the mouth of the 
tunnel. The working of a “perfor- 
atrico” is thus described by an eye witness, 

* The perforatricc— a aimplo-lookiog cylinder fixed in a square frame, and con- 
nected with a few pipes and stop-cocks, — was placed In a fresh position In front of the 
rock, and at a sign from the engineer, was act in motioa. A boring-rod darted ont 
like a flash of lightning, went with a crash against a new part of the rock, chipped 
ont KTcral fragments at ablow, and withdrewasqnickly as it had adrasced. Bang, 
bang, it went again with the noise of a gong. In ten Kcomls the head of the borer 
had eaten itself a hole ; in a xninnte it had all but disappeared, m twelre it had 
drilled a bole nearly a yard deep, as cleanly as a carpenter eonld in a piece of wood. 
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England existed &9 ft nation ; old Bhor forts nesr showing marks of EmsIIcr wedge 
holes. 


The rates now being paid for quarrying are— 
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The ashlar ia rongh dressed before U la taVen oat of tbe qaairf ; this has been 
fonnd to sare tm>hfths of the carriage. 
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22. Bricks are made of tempered cUj formed ia a mould to the 
rec^avsito size and shape, and then dried in the sun. In this condition the; 
maj be naed for building, and are called snn->dried bricks, or in Hindoo- 
stanec, hicha. For most permanent ivorks, the bricks are hardened by 
strong heat in a kiln, and when thus prepared are called burnt or kiln 
bricks; in this country, pucka. But on acconnt of imperfections in the 
application and distribation of the heat in a kiln, it nerer liappens that all 
the bricks put in ere thoroughly fired to the required extent and no further. 
Some which bare not reeeired sufficient heat are only partially hardened, 
eud such are, from their generally yellowtih tinge, known as pttla bricks. 
Some also may bare reeeired too much heat ; when this happens, and 
especially if they contain a large proportion of sand, they are more or 
less ritrified, and when cool, are dark-colored, bard, and brittle. Such are 
also in general distorted, and when this orer-buming has proceeded to a 
great extent, they are fonnd partially fused and run together into masses, 
frequently of large size. These iiregular lumps of orcr-bumt bricks are 
calledyAdma. • 

A sound and well-burnt brick is generally of a clear and uniform color, 
depending on the nature of the clay of which it is made, and partly also 
on the kind of fuel with which H has been burned. Bricks of a deep red 
color aro generally good. A good test of hardness is that the finger 
nail should not be able to make any scratch or mark on the surface of the 
brick ; and it should emit a clear ringing sound when struck. An im- 
perfectly burned or pccla brick possesses neither of these qualities. By its 
ready absorption of damp from the air, it is rcry liable to be afiected by 
the action of saltpetre or other sall^ which, on cryBlalliring, cause the brick 
to cmmble away. It is incapable of withstanding continued exposure 
to the action of water ; it softens and if liable to be crushed. A perfectly 
burned brick will remain any length of time under water uninjured, and this 



quality is so essential in hydraulic works, that the absorbing power of the 
bricks employed should bo carefully tested beforehand, and if it exceeds 
T^th of the dry weight, the bricks should invariably be rejected. 

23. Brick*earth.— -The first part of the process of brick-making is 
^^preparation of the clay. It should neither be very sliflf and “fat," 
ns it is called, nor very loose and sandy. If the former, the bricks are 
very liable to crack in drying, and are more likely to be imperfectly 
burned ; if the latter, they ere soft and fragile, and more apt to fuse in 
burning. 

All clays homing red contain oxides of iron, and those having from 8 
to 10 per cent, burn of a blue, or almost a black color. The bricks are 
exposed in the kilns to great heat, and when the body is a fire-clay, the 
iron unites with a portion of the silica, forming a fusible silicate of protox- 
ide of iron, which melts into an external glaze. Bricks of this descrip- 
tion are common in Staifordsbire, and, when made with good machinery 
(that Is, the clay being very finely ground), are superior to any others, 
particularly for docks, canal or river locks, railway-bridges and viaducts. 
In some places these blue bricks are commonly employed for paving pur- 
poses. Other clays contain lime and no iron; these bum white, and take 
less heat than any other to burn hard enough for the use of the builder, 
the lime acting as a fiux ou the silica. Hany clays contain iron and lime ; 
when the lime is in excess, the bricks are either of a light dun color, or white, 
in proportion to the quantity of that earth present ; if magnesia is present, 
they have a brown color ; and if iron is in excess, they bum from a pale rgd 
to the color of cast-iron, in proportion to the quantity of metal. 

There are three classes of brick earths: — 

1st. Plastic clay composed of alumina and silica, in different propor- 
tions, and containing a email percentage of other salts, as of iron, lime, 
soda, and magnesia. 

2nd. Loams, or sandy clays. 

3rd. Marls, of which there are also three kinds; clayey, sandy, and 
calcareous, according to the proportions of the earth of which they are 
composed, viz., alumina, silica and lime. 

Alumina is the oxide of the metal aluminium, and it is this substance 
which gives tenacity or pl.-isticity to the clay-earth, hazing a strong affinity 
for water. It is owing to excess of alumma, that many clays contract too 
mach in drying, and often crack on exposure to wind or sun. By the 
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n<Mition of fand, lliU clay would wake a Iclicr article than wc oflen sco 
rro-liic^l from iU Clays contain wagncsJa ami ollior cartliy waiters, bnt 
tbe^e rary willitlic rtralumor rock fiom wVick tlicy are composed. It 
would lo impo^'Ilile to give tbe comi' 0 «ition of these earths correctly, for 
rone are exactly similar; hnl the following will giro an idea of the propor- 
tions of the ingredients of a good hriel;e.art!i— silica, Ihrcc-Gfths ; alomina, 
onc-fifth; iron, lime, magnesia, manganc«c, roda and potash forming the 
other one-fiflh. 

If any grarcl is mixed with the clay, jt ma«t Lc carefully ceparated. 
It i«, liowcrer, often so mixed, that before the clay is fit to bo moulded 
into tricks, it should be subjected to the process of being passed between 
rollers and afterwards through the pog*mi11; though if the former has done 
its work well, and cCTcctnally cru«heiHhc grarcl,* tlic pug-mill need not bo 
used except for the preparation of moulding, arch, and column bricks, and 
particularly for tile-making. Tlia gratclly clay is generally of a yellow 
ochreish color, and Uic pebbles containing lime, would, if burnt with the 
clay, expand and split tlic bricks. Attention, liowcrcr, is necessary in tho 
use of tliia clay or marl containing lime, ns but a rcry small proportion 
of that snbstancc is admis«tlle in brick clay, and then only in n pnlrerised 
slate. Tlic presence of lime can easily bo tested by pouring a little acid on 
a solution of the clay, when, if it be present, an cffcTTcscenco will bo ap- 
parent- In allusial soils, bricks made of the tipper earth arc apt to crack 
in drying, and warp in burning, however well tempered or mixed with other 
ingredients : such soil is therefore to be removed and better clay sought for 
below. 

In India by far too little attention is paid to tho preparation of brick- 
carth. Tlic soil should be dug, and if not naturally fit for the purpose, 
ought to be artificially rendered so, by the following moans : — Quantities of 
clayf each equal to the manufacturoof about 2,000 bncks or2C0 cubic feet, 
arc to be dug op before tho cold weather, (September and October,)} and 
laid on levelled ground, which, if o little below tho general surfaco is 
better. If sand is required, it is then added; if not, the clay is worked 

* Thli !■ tbe prt«Uce in W»rtrlcXili!r<S *t>*re tlM bnt brlolca ia naglDad tre nuulc, 

t CutbtisrrFgtiKtc-liilibnACfalr^steot ■odst.vhlcli iboaadilnttflh’ W ProTinen sad th« 
P\snja\5 li »hiUy aafit lot brick-!ttaS.lag. 

t It U generally taiown by tbe roonth of October, whut werk I lik»1y te be naJerteken dnrirg 
(be foUooring year, oad tbe qointlty of cby can b« accordingly {repwtd, and luffielent bricka 
obt^ned to Ivt tlU tbe lacceedlng yrar’a kOaa are bom. 
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TYitboul ; bat in either cflse, it is sabjccted to a tempering process ; being 
cut, slashed, and well worked with spades or phaorahs, adding water to 
eoiten it. li the clay is gravelly, it is to be passed between the rollers 
previous to being tempered. When the clay has been well worked for 
Bcverai days till no lumps are perceptible, it should be left till February, 
when, the sun getting warmer, the whole will hare become an uniformly 
soft and yielding mass. This process sbonld be considered necessary as 
well for sun-dried as for Iriln-bumt bricks, and even for the clay plaster 
with which the former are almost always covered, to which a proportion 
of cow-dung should be added. 

24. The Clay-crushing Rollers, may be of iron or very hard stone ; 
their length is 3 feet and diameter 18 inches, laid horizontally and close 
together. The outer ends of the asles turn in brass channels, y_/'^sce 
Plate I., Figs. 2, 3, 4,), with a slight inclination towards the centres, and 
are prevented from sliding when hard substances arc being crushed, by 
preventive screws. On the inner ends of the axles at h, are toothed wheels 
of the same diameter as the cyUnders, to communicate rotary motion from 
one Oslo to the other. The axlo of one is prolonged by a shaft about 20 
feet long, carrying at the extremity a bevelled wheel d, workedby a motive- 
wheel c, 0 feet diameter, the axle of which is raised to the height of a 
horse’s shoulder or bullock’s nock, to which an arm is fi.xcd for cattle to 
be attached to. The motive-wheel is level with the cylinders, and tho 
connecting shaft supported midway, as at c, in a block and brass box. 
Just below the rollers is a pit to receive the crushed clay, and scrapers 
are so suspended under the rollers, that their edges press against the sur- 
faces of tho cylinders, to scrape otF all clay that adheres, which would 
otherwise clog the motion. Counter-weights aa are suspended in pro- 
longation of the blades to keep the edges close to the cylinders. 

25. Pug-mill . — In Plate II., are given the plan and sections of a 
png-mill for tempering clay for bricks. The day is put in at top, and 
water is added as required to moisten it, the mill being kept constantly 
at work. It is turned by bollocks. There are sue hoops on the tab, 2 
inthes wide and half an inch thick. The six top knives are 4 inches wide, 
and are bolted into the spindle, at an angle of 45 degrees, having teeth 
let into tbeni : the blades of the teeth are 4 inches long, without tho screw 
and nut which attaches them to the knives. Tho teeth arc fastened to 
the knives at unequal intervals. The seventh, bottom, or shooting knife 
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arerage nnder 100 lbs., though some lately weighed at Roorkee averaged 
6 seers each, being 12 X 6 X 2^ inches, equivalent to IIG lbs. per cubic 
foot. The specific gravity of brick is 1*841 ; it absorbs -j^g-th of itS' 
weight of water} and is crushed by a force of 962 lbs. on the square inch, 
if perfectly well burnt. 

28. Moulding. — The Mould for forming the bricks is ^Vth to ^th 
arger than the siae of brick to be 
made, as the clay shrinks in buining. 

The size of mould formerly in use at 
Boorkee and in other parts of these 
Provinces, measures 13 x CJ x 2| 
inches, and the average size of the 
pucka brick is 32 x 6x2^ inches. 

As however, the thickness of walls is 
generally calcnlated in even feet and half feet, the bricks onght to be 
Bomewhat less than a foot in length to allow for mortar joints, plaster, 
d’C., and their breadth shonld be something less than half their length, in 
order that two headers with & mortar joint between them may cover a 
stretcher or the full length of a brick : a convenient size therefore is llj x 
X most bricksoils, would rcqnirethatthemonlds 

should be 12^ X G X 2| inches. English sized bricks ate, however, now 
generally coming into use in India. 

The bricks in use on the East Indian Railway measnre, for the most 
part, 9 X 4 X 2J inches; the pricoof moulding ranges from 8 to 12annas 
per thousand, according to the supply of labor. A native monlder, 
assisted by a boy to supply the clay, and a woman to remove the bricks, 
can make 1,200 (or more) bricks by an ordinary day’s labor. Generally 
the moulder has one woman to take away the bricks as be makes them, 
and the average number he moulds a day rarely exceeds 500. 

Brick moulds are made of any hard wood, which should be thoroughly 
seasoned, and the edges, which wear very fast, should be protected by o 
thin strip of iron. Moulds should be frequently gauged, especially when 
the brick-makers find their own moulds, or the bricks made will vary 
much in thickness. In England, brick moulds are now made lined wilb 
brass, which shows the importance attached to the correct moulding of 
bricks. 

Two methods of moulding arc known in England, slcj) and sand mould- 
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jug. la the former the mould is dipped in water every time it is osed, 
in the latter, it is sprinkled with fine sand or with ashes from an old brick 
kiln. In either ease the brick-earth should not be used too wet; and it 
should be pressed carefully and thoroughly, so as to fill the moulds. The 
superfluous earth is then removed by a striLe, which is a straight edge of 
wood or metal passed along the top of the mould, and pressed well dowp 
on its edges. Steel strikes are best, as wooden ones ore cut by the edge 
of the brick mould, and tben scrape away too much of the surface of the 
brick, thereby rendering its thickness irregular. 

In England, bricks are moulded on boards or benches ; in India, mostly 
on the ground, which should be made as smooth and even as possible. At 
Eoorkce, smooth plastered terraces have been used, the surface sprinkled 
with fine sand or ashes. The bricks are moulded side by side the ter- 
race is covered, they arc then left on it, till dry enough to be turned on 
edge without loss of shape ; then, after another short interval stacked ; or, 
as it is called in England, laid in a hack. 

At Itoorkec a moulder makes generally from 800 to 1,000 bricks per 
diem. He can mould a larger number, bnt they arc then apt to be less 
carefully made and inferior accordingly. The number of attendants on each 
moulder to supply clay, water, &c., will depend on the distance of the 
moulding ground from the place where the clay is dug, and both of 
these from the water. And this is a point requiring consideration before 
beginning to make bricks, as it is one which will materially affect their 
cost. The following is a detail of the usual monthly amount of labor 
required, with the expense of every four moulders, having eleven beldars 
to assist. 


1 MonUer, at G Its. per ncDscm, COO 

2} Ccldais, at 4 ditto, .. .. .. 1100 

Snndries, .. .. .. .. 10 0 

Total Rs, .. 18 0 0 


In one month of 26 working days, 1,000 bricks being monlded per diem, 
the total number will be 20,000, or deducting ten per cent for breakage, 
23,400, costing Rs. 18; or Rs. 7G-14-9 pcrlaUt. 

If the quantity made by each moulder is 800 only per diem, the total 
number will be 20,800, or, with deduction as above for loss, 18,720 ; the 
rate per lakh being Rs. 9G-2-C. 
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clay is tlioroashly misocl ond forced to tlic other end h, of the pug-mill, 
from which it is carried forward into the moulding chamber, or rectangu- 
lar box C. 

Tliird, in this box ft reciprocating piston moved by a rack and pinion 
motion underneath, forces the clay alternately from cither end through 
two roller dies, D, D, in a continuous rectangular bar; which is sufficient 
to produce from 8 to 12 bricks edgeways, the width of tho clay being 
the length, and the thickness the width of the bricks required. If tho 
piston bo supposed to be moved towards one end of the moulding chamber, 
tho hollow in tho rear of the piston is sopplied by tbo pug-mill shaft as 
fast as tlio piston advances ; therefore, the whole time, the clay is under a 
uniform pressure, whereby very important objects afTi'cting tho quality of 
production have been secured, more especially in regard to size and 
density. When the piston reaches the ond of the box, it is reversed, and 
commences to force the clay out of tho other ond ; whilst this bar of clay 
xs divided into bricks ond carried away, each delivery giving jnst sufficient 
time to divide ond clear the bricks, before commencing delivery again on 
that same side i so that tlic bricks, without loss of time, are turned oat aU 
tcmatcly during the day. 

As the succcfs of the machine depends gre-atly on the arrangement of 
the rotary dies D, D, they have been drawn to a largo scale, Plate III. 
Ihc following is a eltcrt ciphootion of the /igarcs : <?, c, a, is one cast- 
ing, and is a frame and support to the whole; it is ll.xcd to the end of Iho 
machine by bolts t, I, throngh holes in the bock of o, rt. Tbo upper and 
lower sides e, e, of tbc orifice are made of b^a^3, in order to stand as long 
as possible; two rollers </,</, covered with fustian cloth and hound with 
brass, form tho other sides of tho orifices, ond nro fixed vertically by the 
spindles c, «, being rnovabic in the bushes^/; these receive motion by 
bevel gearing from the horizontal shaft y, which is supported in tho 
bearings I, I, ond driven by a strap on the pulley A, keyed to tho shaft y; 
the leather strap is conncctct! to a convenient shaft of the machine. It 
will l>e fi(xn that, on turning tlic policy A in iho direction of the arrow, iJjo 
rollrTi mil be turned in opi'o«Jfo direction^ and thcrehy greatly assist tbo 
cl.ay to le.-»vc the machine. 

ANitc ill** die M a largo wafer box, gopporled on n cast-iron standard ; 
the wall r IrotJ^ht by on iron pij»c fixeil in the bottom with a screwed 
end and Lachnnt, and then branches right onJ left by a T piece to the 
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otitcT edge of the rollers ; at the ends of these branches, is a small brass 
cock, to regulate the supply of \rater, and to allow it to drip on the top 
edge of the rollers ; this causes the clay to Icaro the rollers with a per* 
fectly smooth face. 

By referring to the section Platt III., the ndrantnge of this roller 
arrangement is at once seen; the rollers <1, d, not only aroid great 
friction, bnt compress the clay while it is being forced forward by the 
piston through the orifice, thereby producing a solid bar of clay with very 
clean arrises, which then moves forward in a horizontal position on a table 
or cutting frame, consisting of wooden rollers covered with similar cloth 
to the vertical rollers rf, d, and with iron spindles, revolving by the fric- 
tion of tbe clay as it advances. Tins bar of clay is the length and breadth 
of a brick edgeways. It will be noticed that the rollers d, d, are slightly 
tapered towards the top (in the drawing rather exaggerated) ; this is just 
sufficient to allow for the spreading of the clay on the bottom side passing 
along the rollers j the clay when drawn to tbe full length of tbe table, is 
ready to be cut into the required thickness for bricks } this is done in the 
following manner, while the machine is delivering a similar bar of clay on 
the opposito side. Between the rollers is a series of strained steel wires, 
fixed in 0 frame, movable on two centres uuderncatb. By passing this 
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frame smartly from one side to the other of the bar 
of clay, it is thereby cut into so many bricks the 
tbickuess required. 

Tlierc arc various ways of talcing off the bricks ; 
gome use small leather pads fixed on the fingers by a 
small loup, presenting a smooth surface to the brick, 
or solid bricks are sometimes removed with a fork as 
shonn in Ft(i 1, the two prongs being made of sheet 


iron and firmly fixed into the handle, these prongs are forced into the brick 


and then it h lifted off. In the case of hol- 


FiO’ low bricks, a fork is used with two or more 



wooden prongs, tapered at the ends as in 
Fig. 2, these are inserted in two of the per- 
forations and tlic bnck lifte<l off. The fork 
is used in the right band, and a pallet board 
taken in the left , after tbe brick is raised, 
it is put against the pa’lct board aud turned 


horizontally; tlicn the fork b> withdrawn nud the brick left on the 
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pallet, when it is put on the whceI-barroT7 and taken to the hackin" 
ground. 

This machine is capable of taming out S0,000.bricks a day with pro- 
S, per attention, so that the bricks 

do not fall off the machine and 
became spoilt ; 25,000 is the 
least average with a ten-horse 
power engine,' twosmallerskes, 
worked by steam, horse, or wa- 
ter power will tnm out from 1 0 
to 20,000. These machines 
will make solid or perforated 
bricks of any description, viz., 
cant, or splayed bricks for 
plinths; weathered, and throat- 
ed copings of several sizes; ronod copings; ogee monlded, or quarter 
rig> 4- round nosed bricks ; wedge shaped for culverts ; compass, or 
curved bri^s for lining shafts and wells ; air bricks for ventila- 
tion ; damp proof course to prevent damp rising in walls ; drain- 
age and gutter bricks for wash-houses; also paving, roof- 
ing, and drainage tiles of all descriptions. JPiy. 5 shows how 
the cores are fixed for perforated bricks, JFip. 4 is a cross sec- 
tion of the core itself; these will be understood without ex- 
planation. 

30. The tools and implements required for hand monldiog bricks in 
India, besides those mentioned above, and the wear and tear of which form 
an item in the expense of brick-making, are a CAurus or A/dtA,* (large 
leather well bnckets), and ropes /or the same, &c ; ro a Persian wheel, 
or DAenl-lee/f or other apparatus for raising water. Also Bandtes or 
Ghuras, earthen vessels for carrying and holding water ; Phaorahs ; and 
bamboo hand-barrows, with leather shoulder straps for carrying earth. 

* Ttie acbTirca wica a (mnit. vbleb b/ mcacs «f s small rope attached to lu extreauty sod 

pifsingoversfocondpolleyae (beods^ortbeereU, i«<lra«^ up nitfi ticopen «!<^^ll^scd/^luclJpn^* 
veots the recape ol the water). Sod reaching the top, i« erteaded, diacbarglng the water Into the re* 
Ecrvoir at the fide, witbont the Sstifiaitceof a nun at the well mouth, which the ciuru* reijulrcs. 

t The OAerUlee coasLfta of n bucket fofpeaied bf a rope to the ertrcmtfy of a pole, balanced on a 
fulcrum eery near the cthcrerttcmity, t^meansof aioadof atones, a mass of mud, or other counter' 
poise. A man holding the rope draw* down the end of the pole till the vessel Is plunged Into the 
Water and filled, when with the aid of the eoantetpolse, he efl.»llr rlws It, nnd pours cot Its contents 
by turning it over when It baa been tmcghttothtlovelof the grsttnd on which It itsads. These 
Eoachlnci m {onhsr (tucribod la Vol. XI. 
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a light to a dark huo, the dicing is complete, and the fire maj he urged. 
The first, or white smoke, called water-smoke, is, in fact, little else but the 
steam of the water while evaporating, anti when that is gone, the real 
smoke of the fuel succeeds. Kow the vents may be opened to admit a full 
draught, and a strong fire kept op for from fortj-cight to sixty hours; but 
the heat must not be white, or so strong as to melt or vitrify the bricks, 
and whenever it appears to be iocreasiag too rapidly, the vent must be 
partly closed. By this time the kiln, if it contains thirty-fire courses, will 
bo found to have sank abont nine inches; but, the stronger the clay, the 
more it will shrink, and it is by this sinking that the workman knows 
when the kiln issufficiently burnt. The experience of burning a few kilns 
will show how much the clay of that parliculor place yields to the firing, 
■When it is thus ascertained that the kiln is ready, the vent-holes, and all 
other chinks through which air can cater, are carefully stopped with bricks 
and clay. In this state it remains until the bricks are cold eaongh to be 
taken down, when they are distributed for nse. 

From the nature of tbe above process it will be evident that bricks of 
very different qualities must be found in tbe same kiln ; for, as the fire 
is all applied below, the lower bricks in its immediate vicinity will bo 
burnt to great hardness, or, perhaps, vitrified; those in tbe middle trill 
be well burnt; and those at the fop, which are not only most distant 
from the fire, but more exposed to the open wr, will be too little burned or 
p€<la ; consequently, if they are to be used, they must be reserved for inside 
work that is not exposed to the weather, or they will soon fail and crumble 
to pieces. 

34. Ikdiax KiLXs.-^Tbe kiln walls may be built of kueba bricks plas- 
tered with mud, and repaired with the same material from time to timo; 
they should slope on the outside about one foot in fire, and be plastered 
with mud and bhoosa. 

There are various methods in practice in India of filling and firing .a 
kiln of the same construction as (he above. 

1st.— Laying alternate complete layers of wood fuel .and of bricks, the 
flues passing only 6 or C feet into the interior of the kiln, all the rest of the 
floor being occap'ted hy the first layer of fnel. ^ 

2nd. — Arranging the bricks in ii second set of flues five or six courses 
above the first, and crossing them at right angles; and so on with flues 
alternately in these two different directions to the top : or 
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Snf.— IlaTiQ^ as before, one series of flues at bottom, and above, alter- 
nate complete layers of bricks and fuel. 

35. .VflAfirflA 2?ri*cI-jTfW.— Tho foltowjug account of tbo n'orking 
of the brick-field at Mahewab, near Roorkee, Trbere operations were (in 
18C7) carried on in the English style, will be further illustrativo of tlio 
foregoing paragraphs, and supply more detailed information. The details 
are illustrated in Platt IV. 

Tho Earth, for making the bricks, la prepared from the bank of an old cat- 
ting t down the middle of thisbank a deep trench hai been dog, which fills with water 
in the rains, and is anpposed partially to temper the clay. 

The Ptig-m\U [Eg. 1] is ennk 2J feet, eo that the clay may be tilted in, by an easy 
ramp leading to the top, and at the aame time the men below may be able to lift the 
prepared clay to the Icrcl of the gronniL The easing of the mill is made of j-inch 
sheet-iron, i feet high, and 3 feet diameter at top and bottom. The casing is raised 
12 inches from the bottom of the pit, and half tho mill is bricked np ; the clay ooz- 
ing out of the opening thus formed on the nnbnckcd side. The shaft is made of 2| inch 
s/inarc bar iron, haring 7 iron blades, 4 inches x I inch, and snpportcd at the top on 
three siJea by T iron struts, the fourth being open to leare room for tilting in the 
earth. The npperreost blade is 1) feet from top of iron sbectiog, and inclined at 
about 23’, the angle increasing with each blade, the lowest one being 70*. The loTcr 
is 15 feet long, and worked by a pair of bnltocka. This mill is sofScient to inpply 
tlx tables. 

The MotilJing labia are Ci X 2{ X 2} feet { to each is fixed the lower part of the 
monld, [Fig 2], and an iron basin holding water in which the \rooden strike is kept. 
The ttrike should be made of deodar or tome fir wood, and a new one issued daily 
to each table. At right angles to the table and to the left of the mould is the page, 
[Eg. S], consisting of two parallel )-iach rod iron bars about 7 inches apart, bolted 
atone extremity to the frame of the table, end at the other to an npnght plank, and 
snpportcd at the centre by onother upright plank. Under the table is n strut, imme- 
diately below the centre of the monld, to prevent any “ kick” or spring from tho table. 
This should be looked to aud be wedged np eveiv day. 

The Erick mould [Eg. 4] is of -^inch iron, 10 X 42 x 3i inches, inside mea- 
surements ; when put on the (able it rests on the foar adjusting screws A, A, Ac., 
2], which arc so regulated that the bricks turned out are the required thickness, 

inches. The tops of these screws, as also the parts where the mould re5ts,beeome 
iudented from the constant blows on them and might, with advantage, be steeled. 
The bottom of the monld, which is also iron, has a die upon it, 8 x 2} inches, 
raised j-iach , this makes an indentation ia the brick which is intended to bold the 
mortar and enables the mason in bnildmg to draw the joints very fine. To mark the 
brick, the letters G. C (Ganges Canal) are raised i-ineb on the die A w et brick, as 
turned out of the mould, wcigbcd4 seers 12cbittack3 5 when sun-dned, 3 seers 12 
chittacks. 

JlJoutding and Slacking . — The man who prepares the clay into suitable lumps for 
the moulder, must be careful to make each lump solid, without cracks, by repeatedly 
thumping and pressing it on the table, ns these cracks form blemishes in the moulded 
bnck. At the same time he must be cnicfnl in keeping his part of the table well 
sanded. 
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Tlie iDcmM Is cleaned first \'nUi crater and then sanded, the die being cleaned when 
oecessaiy with a country made horse-bnish. The monlder tal^es one of these prepared 
lumps in both hands and, raising it abore his head, throirs it info the moold ; he 
then clears off the saperdnons clay with bis Band (talcing care to leave the fall amonnt 
required) and pressing the remainder into the monld, strikes it with a small wooden 
straight edge ; the strike is cleaned, as it is p&t back into the water, against the 
sharp edge of the iron bowl. 

Haring monlded the brick, be places the mould sideways.wfthasmartblow, on the 
bars of the page, which, by their Bpting shake the brick loose ; he then places a board 
13 y C X i inches against the lower side of flic muold, and putting the board fiat on 
the bars of the page, with the brick and moold resting on it, removes the monld, and 
slips the board, with Jbrick upon it, along the bars of the page to make room for the 
next. 

The bricks are sanded and carried away on the boards in hack-barrows (F13. 5), 
which hold 2G, (riz., 13 on each aide). Tlje hacks are on terraces, raised 9 inches from 
the ground, and coi cred with a layer of flat bricks laid dry ; they arc three bricks 
broad, so as to hold two rows, and long enongh to hoid the day's n-ork of a monlder, 
as putting on a second coarse the some day spoils the shape of the bricks, A monlder 
can make 1,000 bricks per day j and when working by contract, 1,500. 

In hacking the bricks, they are lifted from flie hack*barrow between two pallets, 
712., the original one below the brick and another pnt on the top t by this means the 
shape of the brick Is not injured } they are placed at once on edge, with the distance 
equal to the thickness of a pallet betweea them, and each brick breaking joist with 
the one below 1 the top of each row most be sanded before the next is pat on. 

The somber of bands employed at eix tables ore 

8 men to dig, prepare earth and pomp water. 

8 „ to wheel prepared earth iato the png-mill. 

2 „ to take the earth as it comes oot of the pug-mill nod place it in lumps 

on the level of the ground. 

2 „ to carry the Jumps png-mill to moulding tables' 

0 „ (one standing opposite each moulder) to prepare the earth in suitable 
and compact lomps for moulder. 

C „ moulders. 

C „ (one to each table) to cany the bricks away and hack them. 

One pair of bollocks to « ork png-milh 

2 boys to turn the bricks on their backs while drying. 

Total, I ^2 I bollocks. 

The moulders arc pud Its Cpermcnscm, the other laborers from 4 to 5 5 bojs, 
from Its. 2 to 3. 

JCitns . — The floors of tljc kilns are leiel with the gronnd, the flues and aih-pit arc 
sunk 4 feet. The flues face N. and S., that is, at right angles to the direction of the 
prci ailing niatl. 

The fuel is thrown on to the iron bam of the flues tbroogh Bnirondoor[.?<y. 0), 
which must be alMays kept shat, except whea supplying the fuel, os on imujcnsc 
araonut of heat is lost if it be left open ; and Hiis the stokers arc i ejy apt to do, nnlc'-s 
t]o««ly Hatched, as the doors arcdiflScDU to open Byputlingao Iron ring on the door 
instead of the knob handle, as at pcese&t,«iid a^'enUig with a detached hook, this 
dlflicnlty might be obriated. 
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Tlie Rill ot ibc doors is mi<cd C inches abosc the lop of the grating. 

There are two sizes of kilns in nse at Mahewoh. Ftffs 6, 7, 8, 9, 10, 11, 12, and 13, 
pve all the dimensions ot the larger size as bnilt at present j but only one or two kilns 
of this size have as yet been fired. From the e.tpencnce gained in burning these it 
is proposed to make the following alterations in the next ones bnilt. 

The two flying battrcs'cs on each side will be remoseJ, as they make tlie stock-hole 
so hot towards the end of the burning (hat flic stokers can hardly remain fliere, ot the 
same time the walls, which are at present too thin, arc to be made 4 feet G inches at 
bottoraend 3 feet at top, and buttresses left only at the four comers. The flues are 
to hai e only three sets of bars each (with 9 bars in each set), the remainder of the 
tine being sloped np (shown in every second one, Fiy. 7), as with font sets of bars 
the fine is too long to stoke properly. 

This kiln bolds lGo,Q00 bneks. The walls arc bnilt of peela bricks set in mud and 
w ell “ leeped,” both inside and out, Tlic kilns now burning nro cons erted from Sindh 
kilns, which werfe already standing, and several dimensions had to be adapted to cir- 
cumstances ; one chief point being that the end flues nre put too far in from the 
side walls. 

The small kiln, built on Hr. irickmott'a* plan (measuring 30 X 18 feet, and 14 feet 

ai Wf thick 

• bo a 

, , • beat. 

There are only four flues, C) feet apart, the tnoend ones beii)g2| feet from the side nails. 
Below the door of the flue is an iron damper to rcgolatc the draft ; it has been found 
that when these are shut, the hentbeeomessogreatio the flues that the bars of thegrat' 
ing arc bent and readcred oscless, and the arch bricks fuse; they hare therefore been 
discontinued in the new kilos The same effect is pro<1aecd it the ashes arc allowed to 
nceamalatc fn flie ash-pit, which must be kept constantly raked out. 

This kiln holds 05,000 bricks. 

The price of the iron-work at the Boorkee TTorkshops is as follows — 

1 Tire-door, at Rs. 15 each. 

1 Fire bar, 7 seers C chittacks, at Rs. 9 a maund. 

1 Angle iron support, 12 seers 8 chittacks, at Rs 9 a maund 
1 Iron brick mould, at Rs. 1-8 eacli. 

1 Table complete (including table, die for brick mould and page), at Rs. 102, 

1 I’ng-mill (iron work), at Rs. 175. 

1 Hack barrow, at Rs. 28. 

1 Taitli barrow, at Rs. 12. 

lu loading the ktln, the bricks for the first 11 courses nre laid on edge close toge- 
ther inpnrallcl walls {,Fig 14,) with 5 inches interval between each wall, and 5 inches 
between the inside long wall of kiln and the firstwallof bricks IVhere lhc«e parallel 
walls cross the flues, the bricks arc corbelled out (^»y. 15), meeting in the lUh course. 
As it is most important that the'< openings should be properly built (as their falling 
in smothers the fires and cao«es every conceivable damage), a tnangnlar wooden cen- 
tering is used to insure regularity and proper bond. Another important point is that, 
the parallel walls should be built perfectly plamb and straight, as any nneqnal pres- 
sure coming on them when the bricks arc soft from the intense heat, causes the wall to 
• In charge of the Isrce Oovcmnicnt BrW:-y*n(, at Aba, nearCalraMi. 
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give ill that direction, and the bricks shore o£ conrsc fall in. The centre ivnll is one 
or tivo bricks thick (according to the room left) with no opening for floes ; the bricks, 
however, are placed on edge not quite toncliing, so tliat the conunnnication between 
the sets of flues on each side is not entirely ent off. 

In the irth course (Fiff. IG) the bricks arc laid on edge, on the parallel rails, with 
the interval of a brick, between each, and the openings between tbe mils are bridged 
over by bricks on edge, alternating with those on the wall. 

The 13th course is laid on edge, at an angle of 43“ to tlie walls of the kiln, with the 
interval of about an inch between each brick. 

The nth conrsc is laid on edge, parallel to tbe aide of thekilD,leavingintcn’als of 1 
inch ; the upper courses are built each at right angles to the one bclo'v, the intervals 
getting smaller, till the last 5 conrses, in which the bncks are placed fIo«c togetlier, 
and a top course of bricks laid fiat ; over all tins is put two layers of copla. 

If, whilst loading, there is any chance of rain, light king-post trusses, made of angle 
iron, are thrown across the top of the kiln ; these are connected together by stout 
ropes and bamboos, and small choppas (12 x 10 feet) are placed on them. 

Soft woods and dSk (which is generally more or less decayed) arc a bad description 
for burning, as they smoulder and do not give a brisk fire 5 of keekur, sissoo, or any 
hard wood, less than tlirce-fourths the qaantity, os compared with the soft wood, is 
required. 

In ^friny the Mn, the arrangements are as follows 

Commence firing in the evening with chips, jnst enongh to wawn the kiln (1 man to 
3 doors). On tbe second ereniog, this small fire sboold be pushed back to tbe end of 
the flues. Third evening, the fire (still kept very low) is brought to the front again. 
Fourth evening, the firing is forced on vigorously j 2 men are now pnt on to every 3 
doors, and tbe firemen are relieved even- 12 honrs. During the night, go to the top 
of tbe kiln, and should tbe fire be breaking oot at any place, it mnst be immediately 
stifled by throwing a few baskets of ashes over the plate where it is doing so. This 
most also be done on the next two nights, as that is the only time yon can see how 
the kiln is burning. 

Tbe fires are kept up as strong as they can be till all the wood is bnrnt ; tbo quan* 
Utv, under ordinary circumst.-inces for the <mall kiln, being about 10,000 cubic feet or 
2,000 roannds of d5k wood, or fhrec-fonrtbs of the same weight ot sissoo, kesknr, 
babool, or any bard wood ; takingthe latter at 4 cobic feet to the mannd. This, if 
fired properly, will take 3 days and 3 nights of slow, and 8 days and 3 nights of 
vigorons, firing. When the kiln is burnt, it looks at night from the top like a molten 
mass, and appears almost transparent. 

When the firing is stopped, the top of the kiln eliould be covered at once with G 
inches of ashes. The doors are left ajar for 12 honrs, ofter which they are opened, 
and the whole of the openings carefnlly bricked op. 

In the first kiln bnrnt, the openings were bricked np at once, and the bars and sup- 
ports of the grating were found doubled op and rendered n'^Jeas ; whereas fonr kilns 
have now been closed in the manner recommended, and the grating bars are still good. 

The kiln should on no consideration be openerl under 13 days, and the longer they 
arc left, of conrsc the better the bricks irill anneal. 

The aiernge weight of 4 pneka bricks after exposorc to the cold weather rains w«s 
3 sccra lOJ cbittacks each ; and after soaking for 21 hours in water, 5 seers chit- 
tacks ; average of absorption, 4 chittaeks, or little more than Its weight. The 
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bricks were then placed in tbe san, tilted op on a sine roof for se\ca perfectly dry and 
cloudless daiH in April, and it \ras found that their weight averaged exactly the same 
3 scers 10| chittacks, showing that they bod not absorbed more than a normal 
amount of moisture at the time of first weighing. 

Another pucka brick straight from the kiln, weighed 3 scers 9} chittacks ; after 
soaking it in water for IS minutes, it weighed 4 seers (all bubbling having ceased 
after about 13 minutes) After C days’ Immcrsiou, it weighed 4 seers OJ chittacks, 
showing that a brick has absorbed nearly all the water it is capable of doing as soon 
as it ceases to give oS bubbles, and that a quarter of an hour is ample time for soak, 
ing bricks before using. On soaking pucka bneks straight from the kiln, they absorb* 
ed on an av crage G} chittacks ; while those which had been exposed to the weathea 
absorbed only 4 chittacks of water, showing that these bricks naturally absorb about 
chittacks from the atmosphere in ordinary weather. 

Out-turn . — As these arc thefirst kilns of the kind that have been burnt at Mahewab, 
the results must be considered only os experimental : — 

BETUESS OP EilALL EILX AT UABEVTAH. 
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No. 


S Iron doors, at Es. 15 each, .. .. .. J 20 

32 Angle-iron rests, 10 maunds, at Ks. 9 a mannd, . . . . so 

216 Grating bars, 40 maonds, at Eg damaond, gO’O 



Total Enpecs, . . 081 

Contingencies, at Es. 5 per cent., .. 4J> 

Moulders, at Rs. 6, 
Men, at Es. 6, . . 

« « 4, .. 

Boys, atRa.11, .. 
Bullocks, at Es 15, 

Grand Total, Rupees, .. 1,030 
MoulAlng, 

;; ;; ;; 


ICO as cost of moniding 

160,000 bricks, i, 1,000 bricks pcrmonlder per daj of rOivorking dajs— or abont 
1 nJpec per 1,000^ 

Approximate c»tt out hia o/bricJtf, 


B. A P. 

Moulding 05,000 bricks, •« »• •• >• *• ••CCOO 

^ cost of kiln for each burning, .. .. .. •• *> 103 0 0 

Loading and nnloadiog kilo, .. *. ». >. •• •. 15 0 0 

2,600 manads of wood, at Es. 12 per 100 maands, .. .. .. 800 0 0 

^'ages of dremen, •• >• ..000 

Piast, sspendsion, Ac., .. •• .. 50 00 


Total Ea,, . . S4S 0 0 

Taking No. 4, or the last driog (in table of resnits), as the least out-turn that may 
fwtly be expected from the small kiln (the other three being experimental only), and 
2Dd class bricks, as equal to half, and pccia and jhama to occ-hfth the value of Ist 
class bricks, then the whole out-tnm will be equal in roloe to 45,800 4* - 7 , -■ + 


5,400 -b 2.700 _j 51 7(50 first class bricks, 
o 

Hence the approximate cost of the bricks may be put down as— 
10 5 rupees per 1,000 for 1st class bnckx 
5‘2j n 2nd „ 


2’1 y, peela and jbama. 

Cost of Bricks . — The cost of bricks ala brickfield lately Trorking bettveen 
Hoorkeo and Saharunpore is at follows : — Hie bricks being: 9 x 4^ X 2 J 
inches, well-shaped, and of excellent quality — the claybein^ dug and tem- 
pered on the spot without a pug-mill — the kilns of the same kind as those 
described in the text, at Mabewah—Moulding and stacking, Es. 130 
per lakh; Loading kiln, Re. 0-5-0 per lOCO j Unloading, Re. 0-5-0 
per 1000; Labor for burning, Rs. 35 per lakh; H'ood, Rs. 1C per JQO 
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maunds; 4,250 mnunds being bnmt per ]akh of bricks. Each kiln bolds 
11,000 brickSjOfTvhich 8,000 are |)uci-aautltbc rest peefn. Cost ofmak- 
iog a kiln, Its. 150. 

It bums four days and nigbts.— cools in eight days and nights — loads 
in five days— unloads in five days. 

36. SiNDU ou Flame Kiln.— Another kind of kiln, which has long 






Weller, B E., whose experience o( its snccessfwl woikiug at HyderaLad 
jii Sindh, has been made profitably aTailable in many quarters. The kiln 
in use at Roorkec, is in some of its details slightly modified from that 
first constructed Ijere under Captain Weller's personal direction. 

Its inferior dimensions aie 31 feet 6 inches, by II feet, and height G 
feet G inches, above the flues. In the interior of the kiln, is a series of 
parallel walls running from end to end, 6 inches apart, and in height 
4 or 5 feet. Three lines of arched openings in these walls, form the flues 
passing from side to side of the kiln, open on one side for the su]>ply of 
fuel, and at the other having small draft openings (uLich latter have not 
been found at Ilooikee to be of much use). 

The floor is sunT: 3 feet below the level of the ground, and access to the 
mouths of the flues is given by sloping aw.ay the ground on tliat side of 
the kiln, down to the level of the floor. 

The whole interior of the kiln above the parallel walls is filled with 
bricks, at first with small iut«r\als, and abore packed close. No ashes are 
spread on the top, or covering of any sort. A vigorous fire is.kcpt up by 
continued fresh supplies of fuel for forty-eight hours, and the kiln is then 
allowed to cool. 

In this system, the loss by breakage is trifling, and tbo heat being very 
equably difliiscd, the return of well burned bricks is more satisfactory than 
in any of the other sji’StcQis that hare been tried. 

A kiln of the dimensions noted aboi’C, contains 15,600 bricks of the 
usual Hoorkee size, (12 x 6 x 2^ inches,) and the average proportion 
of pHcio is 81 to 82 per cent.; sonic kilns Lave jieldcd a return of 0'£8 
percent. 

TIjo consumption of dry wood is about 675 mnunds for each kiln fired 
forty-eight hours. The flues should be roomy, and before lighting, bUouM 
bo filiod np with the largest and most awkward shaped logs of firewood. 
Those hc-nvy pieces caunot easily bo got into the fires after they are 
lighted, and have the advantage of giving a steady, and at the same time 
not too violent, boat for the first few hours ; this is necessary, in order to 
dry iho bricks gradually. If too intenso n heat is applied suddenly at 
firbt, it is liable to “ run " the bottom courses and arches, thereby stopj-ing 
the draught and leaving the upper courses quite unhiirnt. ll hen the 
bricks are dry, which will be after (about) twelve hours, according to the 
season, and may be ascertained by the cessation of while tnpour passing 
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from tlie (np of l!ie kiln, llie fires tn'vy be incroa«o(l till tlic brides are as 
Tiparlr white hot at the top as they can be made. The two npper courses 
can never he made quite while hot. 

Tlie kiln will bo burnt in a period varying with the strength and direc- 
tion of the wind, the quality of the woo<l, and above all, with the amount 
of attention and labor bestowed on the firing. Tilt least irregularity in 
firing is fatal ; the arches from getting cold, and then suddenly hot again, 
arc almost snre to fall hcforc the bnming is completed, and even if they 
do not, the bricks in the kiln arc sure to be “ shun’s.” Tf the wood is 
stackctl pretty near the kilns (pay 150 feet off), five or six men for each 
fire will be necessary. Tims for a kiln with ten flues, fifty men (at least) 
should be allowed, and divided into a nigbt and a day-gang, with at least 
one peon to each side nf the kiln to look after them. 

Dnring the hot winds, it is very necessary to build a thin wall of kneha 
bricks to windward, to act as a screen, as without it all the fire goes to 
leeward, and the bricks to windward arc all peeln, while those to leeward, 
wjiimmned. 

Dry bahool wood (.•Icocia aroJico) of about four to si:c inches thick, and 
as long and straight as can conveniently be obtained, is the best fuel in the 
North-West Provinces; but, unfortniiatcly, it is much more scarce and 
expensive than dliik (SuUa /i-ondosa), wlikb accordingly is generally used. 

All wood for fuel, but most especially dliak, should be allowed to get 
well dry before being used. Dhak loses at least 25 per cent, in weight in 
three or four months from the time it is cut 

"When the firing of the kiln is completed, a covering of dry earth, not 
less than four inches deep, should be thrown all over the top of the kiln, 
the flue openings built np carefully with kueba bricks and mud, and tlie 
bricks loft to anntal. A kiln of the size mentioned above will require to 
stand sixteen or twenty days before being touched, care being taken all 
the time that none of the walls topping the fines fall down. After, say 
eighteen days, the flues to leeward may be opened, and next day those to 
windward ; after two days more, the earth may be taken off the top, the 
openings for filling and taking out cleared, and the bricks removed. 

37. The cost of bricks at Itoorkec turned in this kind of kiln was 
Ds. 750 per lakh. Kilns therefore were used only because the demand 
for bricks was greater than could be supplied by Hindoostanee pajaicahs 
(or clamps, to be described presently), the number of winch is limited by 
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the qnantity of litter and oopla prodaced in the ncighbournig villages. 

Extract fiom Kepoit bj Lieut. 0. Span, Deputy Superintendeut, Gan- 
ges Canal. 

Ifemorandum showing the details of cost in the mannfactarc of 320,000 bricks. 

The bricks are 13 X Ci X 3J inches 

The kiln is m every respect the Kooikee “Sindh kiln” pnttem, viV , 3li x H x Of 

interior dimensions, and having three sets of arches. The material for its construe- ■“ 
tion has always been kneha bricks, and the arches pceta bricks with mud cement. 

The number of kilns burnt has been 23, and the average quantity of wood consum- 
ed 540 maunds. 

The ont-turn for the season gives exactly a rate of Us. 700 per lakh, and 04 per ' 
cent, of pneka bncks. 

The wood used has been exclnsivcly dhdk in a very dry state. I found a propor- 
tion of 50 maunds per kiln of almost green wood very useful for regulating iho fire ; 
in no case has the fire been fed beyoud the specified 48 hours. 

On closing the month, the top of the kiln has been invariably covered nith a coat- 
ing of 8 inches of ashes. Tiie bricks are sehloin cool enough to unload, nntil the 
seventh day. 

The annexed memorandum shows the exact amonot of expenditure for the season. 

It will be readily understood, tb.at had all the bricks been made at the same place, the 
rate per lakh would haie been verj* sensibly less. In this has also been included the 
cost of the materials used in the construction of bricks to be burnt, os well as the con- 
strnctios itself. 


Actual Cost. 


TVood, per lakh of bricks, 
Cricks, do,, .. . 

Loading, do., 

Unloadiog, do , . . 
Firing, do , . • 

Bepairs to arches, do , 
Sundries, do , 

Making kiln, do ,. . 
Batablishment, do , 


RS. A. P. 
Sd2 8 0 
123 0 0 
]C 0 0 
1C 8 0 
21 0 0 
L'i 0 0 
118 0 
00 0 0 
32 0 0 


Total, .. .. 605 8 0 

This is of conrsc e.xclnsivc of carting. 

Under “bricks” is included the cost of moulding bricks, for the actual construction 
of eight kilns. The usual rate is Rs. 75 per lakli. 

Repairs to arches are rather a heavy item which conld, however, bevery easily kept 
down, by having a set of wooden centerings ; unfortunately I bad not. 

Making kiln, is here a very heavy item ; it would have equally served 30 lakhs 
instead of 3 only 

Tlic more extensive the brick-making, the less the rate, inasmuch as a few kilns 
would bum any number of bricks ; an item that mns the rate up where the localities 
arc numerous, and would be still more so if a separnte establishment was required 
for each. 
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The regnlfttiffl cf (he fire is iJic prest stmt in lorning j it shenW he Vert 
■t an ttnifera heal threnghont If x<«*iMe, and any at the c1o«c rf the 

firing rndangrn the kiln { and cxee»s of foci at thU state will assorttlly ransc the tno 
t-ottenn layrn In Titrify. 

The relays of fimnen ihmilj lie tn*i«feilon. Many, throogh araricc, attempt to 
mriy cm leyoml their strength, and eon«e«inent!y the fire is hot feebly foL Kaeh 
watfh shonl'l be of four honri ilnration, certainly not longer. 

The roVcTi shonld be of strong, straight, and green babool. 

I think It Tcry immaterial which way the kilos faee, as I hare bnilt them looking 
tocrery point | pcrtiaps it tronU howerer !>e as well to aroiil the west, C’l'ccially 
If briek-bnrning {i to be conllnne*! In the hot weather. 

In flame kilns especially, the bricks inu«t Ih: thoronghly dry before l>cing loaded, 
iw the great prewnre will otherwise entirely destroy the bottom layers. 

Wood to be In lengths of six feet, end aa mneh as a man can conrcniently get 
in, but certainly smaller than one's teg. 

38. Flame Kilns. Bnclcs ato Lttmed at A1:ra, nenr Calcott.'t, 
not only in Clamps trilli coal bnt also trith trood in lilns. 

The flame kiln, or, os it is called in some parts of Bngland, closo kiln, 
is of great imporUnce when bricks hate to be bnmt with wood fuel, 
when it wonld bo dillicoU <o prodnee good bricks from the process of 
clamping *' with wood, in a similar manner to the coa) clamping system. 
The size of the kiln can borariedto soli the wants of the ]oc.aUly. Tho 
width between each famaco is 4 to C feet, which may seem nnDsnally largo to 
those who know something about a flame kiln, but with wood it answers 
well, and bas been nsed at Akra for brick and tilc.baming for three years. 
The usual distance is, or nsed to be, 2 feet G ioches ; extending it to C 
feet admits of a saring in labor for baming, of more than half, besides 
the adrantage of haring only half the number of men engaged in so diOicult 
and skilful an operation. 

The wind is found at Akra to affect very mneh tho firing. Tho kiln 
should be built to get the prcrailing winds on both sides. If this cannot 
be done, a wall should bo built to screen tho fires from the action of the 
wind, or at least to break its force as much as possible at front or hack. 

The quantity of mango wood required to burn one lakh of bricks m 
A fiamc kiln holding that number, is 8,000 cubic feet, weighing 2,000 
maunds. The quantity of soondry firewood is 4,000 cubic feet, weighing 
2,000 maunds. 

39. EKOLtsii Cr-AMP. — In the English method of open clamp burning, 
without any kiln, the piling and disposition of tho bricks is the same as that 
already described, (para. 32), except that the bottom arches arc much small* 
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cr, fls they arc only intended to contain brushwood to produce the first 
kindling, and not for the future supply of fuel. Ko fuel is used except the 
hrttst cinders and small coal, and this is distributed, by means of a sicre, 
with wires about half an indi apart, over crery course, as it is laid near tho 
bottom, and orer every alternate course, or creiy third course higher up in 
the clamp. The first layers of this fuel arc from an inch to an inch and a 
half in thickness ; hnt they diminish as they ascend, because the action of 
the heat is to ascend, consequently there is not tho same necessity for fuel 
in the npper, as in the lower part of the clamp. The brushwood in the 
bottom ignites tho lower stratum of fuel, and from the nature of its 
distribution, the Tcrtical as well as horirontal joints will be filled with 
it, and thus the fire gradually spreads itself upwards, and the whole 
clamp is nothing but a m.ass of bricks and burning foci. The beat is 
therefore, much more generally distributed throughout the whole mass; 
and in order to confine it, the entire outside of the clamp is thickly 
plastered with wet cUy and sand, the bottom holes being opened or shut 
as occasion may require for regulating the draught of air. 

Notwithstanding the heat is much more equably distributed throughout 
this* form of kilo, yet the outside bricks all around receive very little ad- 
vantage from the fire, and aro never burnt ; but being on the outside, they 
arc easily removed, and arc reserved for tho outside casing of the nest 
clamp that may he bnilt; and being then turned with their unbaked sides 
inwards, some of them become aranable. On taking down tho clamp, the 
bricks are assorted into three scp.'iroto parcels or varieties, according to 
their perfection and goodness. Those that ore burnt very hard and have 
not lost their figure or shape, may bcselcctcd for arches. Tlie main body 
of well bnmt bricks arc called stocia, and those which are impcrroctly 
burnt arc called place bricks. 

Tlicso several rarietiesof brick have each a separate price, the best being 
worth twice as much as the worst. If tho fire has not been c.arcfulJy 
alfendcd to, and has been pcnniltcd to gel too violent, some of the lower 
bricks will become distorted by partial fusion, and may fuse and adhere 
together, when they are c.sned clialeTS^ and arc useless for building pur- 
poses, blit form an excellent road material. 

A coal clamp of 10*^,000 bricks rarely Inms out under n month. 
TliPrc is a great paring of fuel in homing large clamps, but where time 
IS nil object, small clamps oaglil to be made. The bricks ought not to 
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be openeJ out before tlicy arc (boroaglilj cool, end they ore opt to crock 
by the brecoe playing upon them irhcn hot. Tlio amount of cool to be 
used depends upon the quality of tho fuel, and the degree of hardness to 
which it is wished to bum the bricks. C50 or 700 maunds of moderately 
good coal ought to bo sufficient to bum 100,000 bricks; a great deal, 
however, depends also upon tho clay • a light sandy clay, such as is found 
by river sides, takes less fuel than a hard, strong clay. 

In London close (instead of open) clamps arc cniploycd,^ no spaces being 
left between the bricks. Each brick contains in itself the fuel necessary 
for its vitrification; the breeze or cinders serving only to ignite the 
lower tiers of bricks, from nhkh the heat gradually spreads over tho whole 
clamps. 

40. IsDtAN Clamp on pAJAtvAii. The pajdwah is an arrangement 
for briek-burning in the open air, somewhat resembling tlio English damp. 
llic bricks and fuel arc laid alternately, the former fa courses of four 



or five bricks, the latter of 2 or feet in thickness, the proportion 
of fuel being diminished towards the top. Tho whole is generally built 
with one side abrupt, and nearly Vertical, and with a long slope on the 
other. The fuel generally consists of dry grass, wooden chips, khdt 
(manure), hoorah (litter, miscellaneous dry sweepings) and oopla (dried 
cow dung), and very generally a layer of wood under all. 

The form of the pajdwah is generally triangular ; its floor smooth, and 
sloping at an angle of 15*’, being lowestat the angle where it is lighted. 
The upper surface elopes at an angle of about 30®, in the direction of its 
length. 

The following is a note on brick-barning in pajawahs, by Lieut. J. 
Finn, formerly Executive Officer of klatcrials at Roorkee. 

The quantity of fuel (loorah and oopla) used in the llmdoostanee clarops at and 
near RoorLce, is about C inches tluckcr than the Ja.'cr i>/ Inltha bncks placed ovi.r 





it ; that is to saj", if the fncl is 3 feet in tluckaess, the laj-cr of bricks placed on the 
top of it should be 2J feet, or 5 bricks high ; each bnek being G inches wide. A 
clamp now being filled at Hoorkee has a layer of wood about one foot deep all along 
the bottom, but none in the second or thinl ticn, excepting a small quantity nt the 
mouth of the clamp to ensure its speedy ignilfoo. When the clamp is ready for fir* 
idg, about one foot in thickness of foel (koorah only) is spread all oier its fop, and 
over that, one foot of ashes. 

The nndermentioned quantity erf fncl will bum one lakh of bricks in a natiic 
clamp, Tiz. : — 

S23 S-bnllock cart loads of khah 

7C0 blaonds of oopla. 

100 hfaDDds of firc'wood. 

Once a clamp is filled, covered over on the top with ashes, and fired, it is not liable 
toiryuryfrom high strong irind; nor will a heavy fall of rain harm a clamp nhen in 
the abovc'tncntioned state. 

The size of bncks osed in masoniy works of the Northern Division, Ganges Canal, 
is 12 X C X 2} inches j and when made by contract in Ilindoostanec clomps, arc paid 
for at the rate of Rs 475 per lakh ; pucka or well-burnt bricks only arc taken from 
the contractors. On the Western Jnmna Canals, pucka bricks 12 x 6 y 3 inches 
are dcIirercJ by contractors at the clamps for Rs. 450 per lakb, and pucka bricks 
12x0x2 inches for Rs. 350 per lakh. Carriage from the clamps to work brings 
the price of the former op to GOO Rs. and ibe laltn to 500 Rs. per lakh. 

The sooner a lliadoostancc clamp is fired the better. 1 imagine that sihen about 
oflC'tbird filled, the clamp ought to be lighted, for tbc fire will burn more qnicUy,aBd 
more equably before the fuel becomes compressed and partly decayed than it would 
otherwise, 

41. Memo, of the cost of one lakh of bricks burned in o Pojdvrah 
(Mynpooreo District), by Sergeant W. Johnstone, Orerscer, IfortbcrD 
Dirision, Ganges Canal. 

ns. A. p. 

Cost of I lakh kneha bricks (contract), ... ... ... 50 0 0 

325 hackery loads of Jitter, at C as. jicrload. ... ... ... 121 14 0 

7C0 maanili oopla, Sfyupoorec weight (= 050 Go’s, maunds), at Ra. 

1 per 10 maunds, ... ... ... ... ... 70 0 0 

120 maunds fire-wood (as 150 Co's rnaonds), ... ... ... 12 0 0 

lAbor—piUngaud burning bricks, Including pay of chuprasce, ... 80 0 0 

fiandries, ... ... ... ... 10 0 0 

Cost of bricks at the clamp, ... ... 310 14 0 

42. Extmei from a Jfcrnommlnm by M. P. Volk, on Brick -making, 
in the Third Division of the Ganges Canal Works, dated 15th December, 
3851. 

coolies have been principally emplojol on moulding bricks, and these 
tom out from 500 to 700 bricks per man per day. When rrgnUr monhlrrs hate 
l«n cmpIoTcd, the out-tnro per man has been from 1,200 to l/>00 per day. Tlic con- 
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tract rates for monlding tary from to 70 ropccs per lalli, aecorJing to the dilB- 
cnlty of proeunng water. 

The dimensions of bricks made and nsed in the Third Dhision, arc 12 X C X S in* ' 
dies, and tliey Iia\c been bamed i&\atiab1/in the country kilns or native pajiwahs. 

The fuel used in a pajtwah consists of all kinds of combostiblc refuse of towns and 
^'i^agct, and oopla and dung madcintocakeswdl dried in the sun. Ooplaand hiddij 
Xhuddy (bones and pig’s dung) have been weighed before being put into the elamp ; 
of the former, from 1,COO to 1,SOO mannds ; of the latter from SOO to COO maunds ; 

• and about C,000 mannds of Loorali (village refuse) are required for one lakli of bricks 
Small quantities of wockI hare sometimes been pnt into clamps, but it proved disad* 
vantageons, and ilr. Volk thinks the nse of wood and koorah conjointly is injurious. 

The time. occupied in loading aelamp vanes from two to three months for each lakh, 
and the success of a clamp depends very much upon this item. XIr. Volk’s cxpcnenco 
has conviuced him that the sooner a clamp is fired the better \ and his rule has been 
that when 40 or 50,000 bricks were piled into the clamp, it should be lighted ; the 
progress of the fire being slow, any nnmbcr of bricks can be piled afterwards. 

The time required to unload a clamp when properly cooled depends upon the labor 
employed, but the period required for cooling is very long, and sometimes the process of 
loading is obstructed by beat, eight or ten months after fire has been set to the damp. 

A properly managed and successful clamp ought to tom out from 80 to 85 per cent 
of well burned bricks. 

Expenses incurred in brick-makiDg in the Third Division, during the years 1850 
and 1851, were as follows s— 

Total expenditure for thlrty>two clamps made dunng the season of 1850, is Rs. 
16,541>10-G 1 number of bricks piled is 9,C9C, 080 jeostof one lakh is, therefore, Rs 601. 

Total expenditure ou thirtj*fonr clamps made during the season of 1851, is 
Rs. 15,052 ; the number of bricks piled is 3,477,529 ; cost of one lakb, therefore, is 
Rs. 4S0 ] or a sanog ou the former season of Rs. 51 per Ukh. 

The maximum cost per lakh in 1850 is Rs. 033 t minimum Rs. 320 ( the maximum 
cost per lakh in 1851 is Rs. CC7 ; the minimum Rs. 352. The largest kiln contained 
315,000 bncks j the smallest 30,000; Supposing the total cost of a lakh of bncks to 
be 1, tbc expenditure on the several items required in bnck-making, bos the following 
proportions • 


rartlcelors of expense. 

In 18Se. 

In I8S1. 


one 

0 097 

Carting koorah, .. .. .. .. .. 

0 393 

0 42G 

' .. .. 

0092 

0127 


014G 

0123 


0052 

OOoO 


0 192 

0 171 


0009 

o-ooc 

Total 

lOOO 

1-000 


No coepensation has been given for koorah, but its conveyance is tbc most expen- 
sive item m brick-making, being equal to two-fifths of tbc total cost for a lakh. The 
total expense incurred ou account of fuel is equal to three-fifths of the total cost of a 
clamp. 




Mr. Volk cliarges at liU works Rs. 900 per lakh for pucka bricks, Rs. SOO per lakb 
for pcela ones. These rates arc liigfaer than the real cost on the last two year’s 
operations, but they are maintained to corcr the Jos'cs suffered by iailnres at the 
commencement of operations. The actoal cost of n lakh of pucka bricks at the kiln 
is flbont Rs. C50 The rate paid to contractors for pucka bricks is Hs. 500, but 
contractors can only be found near large towns, where koorali is plentiful. 

Jfr. Volk considers the native clamps (pajswab) preferable to any description 
of kilo he has seen used in India ; the size of these p.sj&wahs sbonid depend on the 
quantity of bricks to be loaded, and the kind of fuel to be used. He considers also, 
that large clamps are more adrantagcoos than small ones. 

43. In all these “clamp’* aystems, there is much loss by breakage, in 
consequence of the upper courses of bricks sinking on the consumption of 
tlic fuel underneath them. The distribution of heat also (nt least in clamps 
of the large size formerly in use at Roorkee), is unequal; some parts of 
the clamp producing larger masses of vitrified material, whilst in others, 
the bricks mo hut half-burned. 

Various' e.'tperiments wore made In Bengal, and the result published hy 
the Military Board, in 1827 and 1828, on the burning bricks in clamps, 
both w ith Wood and coal. The clamps were built with flues as described in 
the Dnglish lilns, but smaller, and filled \ritb well-dried chips or brush- 
V ood. For the fuel above the flues, or choolah$, green wood was preferred, 
as retarding the fire ; wood-loaded kilns generally burning too rapidly, and 
causing great loss by vitrifying Iho bricks in the centre Tbc wood was 
split up into pieces not exceeding 4 or 5 inches in thickness, and so ar- 
ranged, ns to leave level surfaces for the layers of bricks to be laid iqion. 
The flues were 2 feet high and 9 inches wide, with three bricks laid flat on 
them, liAving narrow intervals to allow of the fire ascending from the flues. 
The clamps were finislied with altcriinto layers of brick and fuel, tho 
bricks Icing daiJ touching each other throughout, the interstices formed 
by tlicir contraction umlcr tho great heat, being sufliclcnt to ensure tho 
firing of the upper layers of fuck Tlic sides of the clamp wero (hen built 
up with mud, broken kneha bricks, drc., and well plastered with mud to 
exclude the air. 

44. i\nothcr construction by Copt. Bell, ns described seems well 
adapted to prevent the finking of clamjis when wood is used ns fuel. 
Tlic wood is everywhere contained in flues cros'ing each other at right 
angle*, tho walls of which arc supported by layers of Irick-oii-cdge, com- 
pletely covering the area of the clamp. 

Tlie ground layer of four flat bricks being laid with equidistant flues, 
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they are filled up iritli light irood and dry chips, orer which two bricks 
are laid fiat; on this Is formed a second set of flues, running acoss the 
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ground fines, and, after filling up l-etween the Sues with wood, the whole 
area is built orer with three bnehs-on edge, ihe length of the Inch* rnn- 
ing in the same dinxtion with the fines and wood T1 e foil Leight x* 
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formed by an aUernation of fines*, and solid masses of bricks as shown in 
the plan annexed. 

To close the clamp, extend the flue opening as at a {set section) one 
hrick in length, and cover it with two flat bricks. Then build up with one 
brick breadlh'Ways, the outer coating as at ff (with half-dried bricks, or 
any kind), over which straw (well wetted) is laid on the slope from the top 
downwards, giving it a good coat of mud plaster. The mud should not 
be thickly laid on, but well nibbed into the grass. If thick, the heat of 
the fire and sun makes it peel oil, and admit the air, before the fire has gone 
through tlie clamp. 

One great error appears to consist, in putting large masses of wood info 
the upper tier flues : it is thus that so much material becomes vitrified 
The ground flues ought to bo filled, (but not choked) with good dry fuel 
intermixed with chips, so as to communicate quickly through the whole. 
The wood of the first tier should bo reasouably large, with some small 
pieces or chips; and in every higher tier in succession they should be lees 
in size as well as in quantity; because, as all the fire and heat rise from 
below, the higher tier has the advantage of all the foregoing due fires in 
addition to its own. Previous to its ignition, too many bricks should not 
be piled above the wood, however great the quantity of the latter, or they 
will be irregularly burnt, and much fuel wasted. 

Memo, of two SMA-tr. clamps at amptha, bpiwed cr Capxalv Beil. 

IS-ia. brick. Mds. ot coal. SHs. wood in chnlah. 

1 fit kiln Cl&mp, - 24,000 104 CO 

2nd „ - 40,000 159} SO 

Tfac brioks taken from whicb trero all red, well burnt, nnd not more than 500 
unserviceable. 

45. Circular Sricl Clamps.-^Tbis kind of clamp will be found superior 
to nutivo paJdivaJis in percentage of first-class out-tnm, and a very great 
advantage in their use is, that the exact quantity of bricks and fuel loaded 
into the clamp can be determined by measurement, which cannot be done 
in the case of pajutcahs, where tbc officer in charge is almost entirely at 
the mercy of his mates and moonshecs with regard to the expenditure of 
fuel. These Clamps can only be used when oopla is obtabable in largo 
quantities; where loora is chiefly procnrable, common pajawalis should 
he used. A clamp containing a lakh and three-quarters of O-inch bricks, 
ahould be about C-f feet in diameter in tbc lowest course of bricks, and 

• Two rows of bricks laid list, seem ta tw roialslte •bote efuM Kt ot flues, to prevent bricks on- 
olpe from tailing into tbem, wbll't tbe tsells bdagrconsninei}. 
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otigbt to talco 14 days to load, 14 days to bnm out, nud n mouth to cool 
down. Tlic thicknesses of fuel giren ou tho drawing, arc those which 
should be used in tho hot weather, but, at the coinmencemcut of opera- 
tions in the cold season, the thickness of onpla in (he courses should be 
increased by about 20 per cent. The ateroge out-turn tlirongb the sensoii, 
if care is taken to regulate thickness of fuel properly, should bo about 70 
per cent, first-class, and 10 per cent. Bccond.class, bricks, per 100 Uucha 
bricks loaded. Tho following incniomndum is adapted and modified from 
one in use in the Jullundiir Ditision:— 

Memorandum /or guidance of Suhttrdtnatt in charge of hiln‘tfard, in JoaJtiig 
Cireular Clamp — 1. rrcfisrc the RronnJ hj dcscnbiug a circle ohoiit Ct feet india- 
Tucter, and form the ground iotoa neat and regular iuicrtcd cone, depth of mIucIi 
inaj t>c about 18 to St inches. Spread a bed o! asbes oicr this, it ataiiable ; it nut 
arailable, use 3 inches of loora. 

3. Loading h not to commCQCC until the tricks aud foci reqnircd fur (lie clamp 
ha^e teen all collected at site. 

8 Commence the clamp by a coorse of trick^a-edge (pecla ISdncb tricks if o- 
callable) arranged asaboaaia plan of flue course. This course forms nsucccsslon 
of flues into the heart of the clamp, and allont the fire to spread rcgnlarly from cen- 
tre to clrcttniferencc In the lowest course of fuck 

4. Lay on the flae conrtes, a course of oopta of equal thickness packed regularly . 
when completed, teat this down slightly with wooden lentirs, and spread otcr idl 
about 2 inches of koom L'o other fuel thaa oopla nnd kooia is to to used m ony 
part of the clamp. Koora is iafuKil to present (he oopla turning too rapidly. 

5. Oa this, lay a course of tnek-on-edge, then a second course of oopla and koora, 
nsehossn in the drawing, aud soon, testing down nich course of oophs before tho 
koora is laid on it, the teaUng to tc harder and eontiuurd longer in the higher, than 
in the losrer, conrscs. The surface of each coat of koora is to be formed into a neat 
inrerted cone before laj ing the bricks orer it, and each course of fuel nnd bricks must 
bo measured by the subordinate in charge before the next course is laid, and the ac- 
tual measurements recorded in the register. 

The bricks are to be laid as close tcgilber on edge os ]>o«sitIc, and it is uot neces- 
sary to lease any openings between them, os the fire sprcadswith sufllcicnt rapidity 
when the bricks are Imd dose. The enter nngs of xlic courses of hneks should be of 
]>ccla bricks, if any arc arailable, as they will probably bum pucka, and become use- 
ful. Care must be taken to Ic.ne a vertical flue of about 12 inches diameter in cen- 
tre of the clomp, through which the kiln u to be fired ; it is to be kept cohered b} an 
inverted gurrah as the woik goes on, and is to be cleared by pnshiug down a long 
bamboo before lighting the clamp, which is effected by dropping In c charcoal down 
the flues, and when the Arc has taken, this fltte is to be closed. 

C. The outer surface is to be smoothed off with oopla, the steps left bciug tilled 
up, commcnciDg from the top, and a course of cakes of oopU jiacked on edge Uul 
oier this The whole is to be finished off with a coat of S iuclics of kooru cohered 
with ashes, nnd n straw coveriog anil Iceping are unnecessary. IVJicn the outer coat 
is completed, n kutcha wall of xefnsc bncks in mud is to be built uj> all round the 
- VOL. I.— TUIKD EDlTIOjr. E 
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clomp, to ft beiglt of 4 feet or so, fines commnnicatingr witb the flac course beinc- left 
&U round, which arc to bo closed when it is found that the clamp is biiruluff nroperlv, 
and are to he opened when required to regulate the spicad of the file. 

7. As the burning goes on, any openings wtlcli may form are to be closed nt once 
With oopla, koora and aslies, and a party of coolies most be kept at this work night 
ami day for the first few days after lighting the kiln If the diameters of the courses 
Of bricks are made to diminish i feet la each course op to the fitb, and C feet in the 
courses above the 8 th. little trouble will be experienced in the above respect, and the 
courses should also be stepped off as abown in the drawing j but if these points be not 
attended to. great trouble and loss will be caused by bricks falling down the sides as 
the clamp settles. If fire breaks out. It should be at once smolbeml with ashes. 

S. Unloading may be commenced so soou as the clamp cools down, but care 
be taken not to open it [>reinatnrtly. os if opened before the bricks have become an- 
nealed, great breakage tviJl certainly take place la the process of unloading, and the 
bricks will bo rendered brittle 

S. Clamps arc to be unloaded from the top downwards in succcssiie courses ns 
loaded, and the state of each course is to bo recorded in the register by the subordinate 
in charge, for guidunce in regnlattog the thickness of fuel in future clamps. The 
ashes nro to be regularly removed from each come in baskets, and used in forming a 
bed for a new kiln or in filling c.xcarations. 

d/eaeuremeirts o/ c^vnei c/fi/e/, 

To Jihd eiilic /eel of oopla m any eonrec.-^blessmo diamrier'D in feet with a 
tight tape, and measure H and h 
in iaclies. Then, cubic feet oopla s 
^ (H 4. J /,). 

To find ctilio feet of koora tn any ookw.— M ensnro diameter AB =s D with 
n tight tape { sides of cone ACB 
= I), with R loose tape ; measure 
(he thickness m inches = k, use a 
new diameter s= rf J> J>i, and 

area of circle to this diameter. 

Then, content of course in cohic teet as ^ ft. 

To find d-inchbrieki vi any cour»« — Take measurements as for courses of kooro, 
being careful to take the mean meosurment Trbare steps arc glveaon the exterior 
circumference of course of bricks. 

Then- 

Content of coarse T f aieaof \ 

inD-inch brick/ “ \ tircle / ^ ^ 

the constant MC5 will snry according to the closeness or otherwise of packing of the 
course, and also according to the size mould used, and should he determiued by count- 
iog the bricks actually laid in n sector of some selected course. 

The mode of obtaining contents of top,itndof cxttriorccoering 13 sufficiently obvious. 

It is recommended that a Slide role shonid be used for working out the content of 
the courses : it i\iJl be found mncliitiore npid in use than a table of areas of cirUcs, 
and will give contents with sufficient accuracy for all practical purposes. 





Contains 21000 Cttiu 
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If the snborJinalc m cliargc Tsnawjnaintcd wilh the nse of tlio sliJo rule, he 
should be provided with a set of tables, os the labor of calculating out the content of 
the courses with pen and ink, would be \crjr great, and m fact vvonM be itnpractieablo 
if tbe operations were carried out on a large scale. 

46. Captain Sage, Executive Officer, Gnttatil Division, Public Works, 
gives tbe following comparative estimate of tbe cost of burning bricks 
■with coal and wood ; by wlitcli it appears that with wood at Ps. IG per 
100 maunds, and coal at Us. 07-8 lOOmaund?,* the latter is much 
the cheaper, 

1 , 

Burnt teith Coal at Bhoorsoot. 

Small Wood an.l Chips, COOM.U 
Coal in lav cr*, „ 

Erick*, ... ... WO.OOO 



100.000 briels, I? inches, C3 0 0 

Kilning „ .. 2G 0 0 

1.000 bundles gra«s, 200 

20 coolies cleaning the gronnd, at 2 a« each, .. .. 2 6 0 

OaO nvannds of sand*, at Its S per 1,000 maitnds, >• 19 6 0 

jlsmbooe, rope, Ac, .. 10 0 

000 maunds of wood, at Its IC per 100, .. .. 48 0 0 

370 maunds of coal at C as. per manod, .. .. lOl 10 0 







R. A. r. 

100,000 brick**, 12 inches, .. B3 0 0 

Kilning „ „ .. .. .. .. .. SG 0 0 

1,000 bundles of *trn\r, .• .. .. .. ..200 

20 coolies clenninjr the ground, at 2 ««. each... .. ..280 

G50 mannds of sand, at Hi 3 per 100 maands li) 8 0 

Bamboos and ro^s, .. .. .. 100 

IjCOOmanods oM^ood, atlls. lOperlOOtnaitiHls, .. ., 250 0 0 

• Total Us , , . . . . SCO 0 0 


Aetasl prodaee escladlag loesbjr treoksge, &c , H.COO bricks, at 4S0 Hi. per 100,000, 

Besides the ndrantage of cheapness, coal !s shonn to he in mnnjr other 
respects superior as fuel, to wood; tho space occupied hj* it hetirecn tho 
Infers of brick is so much smaller, that the clamp sinks much less, and its 
outer casing is loss deranged. Tlie wind trliich interferes trlfh tho gradual 
and cqUiiblo proee.ss of the fire is thus Iiclfer kept opt. The lo.ss by break- 
age is likewise much less, and tho bricks from being burnt more alowly 
arc more compact. The coal should be broken into pieces not e.Tceeding 
one inch in diameter. In kilns, likewise coal mu«t hare like advantages 
over wood, eTcej*t as regards the greater di'*placement of the casing of the 
clamp; the pemiancnt walls of kilns not being liable to this conlingency. 

47. IIomrAyw's Patunt KiLSfs.—Tlie grand object of this invention 
—economy of fuel— is materially assisted by partiuilnr attention being 
paid to n few leading points; and first, by selecting a dry, well-drained 
site; as any damp rising from the earth is to bo carefully avoided; fur, 
should this be present, it not only takes fuel to generate tbi« moislnro 
•ntc Tflponr for discharging it by tho floes, but it has the further scrions 
eflect of retarding the burning of the kilo, and damaging the burnt 
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bricks, Tvhicli rronW show cracks cansed by Iho raponr rising from the 
gronml. 

Z>nTin«Tjf.— After the soil has been taken oat, it is of the almost im- 
portance to well-drain the whole site to n deeper level than the lowest flue. 
From the sinoke*chamber round the chimney, a drain is to be laid at a lower 
level than any ol llic foundallons, and all drains from fines, &c., should 
have an inclination towards the central chamber, and delivering info this 
drain. Tlic chimney foundation, likewise, is to be supplied with a draia 
to carry off the condensed steam running down the inside wall of the 
stack. 

Foundation of burning cAamJer.— The foundation of the two walls form- 
ing the annnlar barning chamber is to be carried down 2 feet C inches 
below the floor-level, as shown in plan, for, if the material beneath the 
floor is composed of clay, or any substance that will contract on exposure 
to heat from firing the goods over it, it is obvious the foundation would 
give way, open, and admit air, which is a serious drawback to the working 
of the kiln. The floor of the barning chamber is to be formed of bollow 
chambers as shown in sections {g k) and (i 1) of tbe Plate, being closely 
covered over with bricks, on the top of which a stratum of clay is packed 
ahont 9 inches thick, and on this rests the paring of common bricks. 
The lining inside the kilo, ioclnding the drop arches at the end of each 
chamber, is to be made of fire-bricks, or bricks whicli will not contract 
nnder repeated burnings, being able to resist a greater heat than tbe clay 
to be burned. 

Battered tca/fe.-— The outer battered walls of the kiln taking np the 
pressure from the arch, are to be bnilt as shown of common bricks, laid in 
mortar, not bonded with the wall of burning chamber, allowing the latter 
free motion as required through the heat passing through the kiln. In 
tbe packed space between the outer-walls, and walls of burning chamber, 
cross-walls or tie of 4 J inches work, (it is shown in the plan one bnck, but 
half brick is quite enough) are constnictcd, and bonded with the battered 
walls, but free of all connection with tl»e inner wall ; the object being to 
resist better the thrust during expansion, instead of solely depending on 
the packing material. 

Chimney . — The chimney, which is of a very light construction, consists 
in its horizontal section, of two rings of 3 and 4^ inches brick -work, respec- 
tively. The 9-inch wall is carried np to about 30 feet in height, and then 
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both lings arc only bnilt with half a brick each. These rings arc bonded 
and strengthened by radial ties rcachiiig from the base right to the top of 
the chimney. There are altogether 12 such ties. The short inner tube is 
constructed inside the chimney to protect the brick‘Work of the latter, in 
case an intense heat should, through some cause or other, pass info the 
chimney, ns may happen at the end of the season in burning the last 
chamber, by allowing the gases of intense heat or the flame to pass tUrfci 
into the chimney. This chimney constmetion is both cheap and strong, 
and forming an air chamber round (he inner wall, the latter is well pro- 
tected against cooling, which is very important, ns the waste steam and 
emoho possess n very low temperature. At the base, the chimney is 
provided with four apertures forming the communicalion with the smolco 
chamber, 

i7n'eWoyiay.-—Thc whole stnicturc of the kiln can be executed wi(h 
bricks laid in mortar in the usnal manner, with this one c.xceplion, tlint 
the two eido walls, arch and floor, forming the annular chamber, are to be 
bnilt with bricks laid in clay mixed with s.md to the te.xt«ro of a ffood 
loam. For waking firm work, this clay should be made np into a slop ol 
the consistence of thick cream, and not used as mortar is generally employed, 
making a thick joint between each brick, and the next followingone. The 
slop or clay being placed conveniently for the workman in a water-tight 
box, he takes a brick, and dipping those surfaces ho wishes to unite in the 
slop, and well coaling them with it, ho lays the brick in its place, at the 
same time forcing it info as close a contact os possible with those next to 
it. IIo then proceeds with another, and so on. It is tlicrefore, obriotis 
that those bricks will rest closely one upon the other with only a thin bed 
of clay ccm'*nt{ng them together, and when the kiln has been burnt round 
once, it will bo found the strongest mode of structure for withstanding the 
expansion and confraction to which such walls are cxposetl. The outside 
walls are built In mortar, as well as tlio^ue*, c/n'r/inry, and smoko chnm- 
l)er, although in many cases even the smoke chamber is constructed wilJi 
bricks laid in clay. 

Arr/zcs.—In turning the arches of the chamber, a centre must be made 
to fit one chamber, and this can be lowered and removed to the next cham- 
ber in one piece. At each end of the chamber, n dropjdng arch is Imill 
of one brick projection to obstmet the draught along the top of the kiln, 
while they likcwi'c .■erve as a support again«t which arc placed tlic Inter- 
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both rings arc only bmlt with half n brick each. Tliose rings arc bonded 
and strengthened by radial ties reachiug from tho huso right to the top of 
the chimney. There arc altogether 12 such tics. Tho short inner tube is 
eonjtructccJ inside the chimney fo protect the brick-work of the inttcr, in 
case an intense heat should, through some cause or other, pass into tho 
cliiranoy, ns may happen at the end of the season in burning tho last 
chamber, by allowing the gases of intense heat or the flame to pass direct 
into tho chimney. This chimney conslniction is both cheap and strong, 
and forming an air chamber round the inner wall, the latter is well pro- 
tected against cooling, which is tcry important, ns the waste steam and 
smoke possess a very low temperature. At the base, the chimney is 
proWded with four apertares forming the communication with the smoko 
chamber. 

/In'eiioymy.— The whole structure of tho kiln can bo esccuted with 
bricks laid in mortar in the usoal manner, with tljis one c.tcepiion, that 
tho (wo side walls, arch and floor, forming (ho nnimlar chamber, are to bo 
built with bricks laid in clay mixed with sand to the le.xInro of a good 
loam. For making firm work, this clay should bo made up into a slop ot 
tho coQsistcnco of thick cream, and mt used as mortar is generally employed, 
making a thick joint between each brick, and tlie next following one. Iho 
flop or clay being placed couTcniently for tho workman in a water-tight 
box, he takes a brick, and dipping those surfaces lie wishes to unite in the 
slop, and well coating them niili it, he lays tho brick in its place, at the 
same time furcing it into as dose a contact as possible with tho^c next to 
it. tic then proceeds with another, and so on. It is therefore, obtions 
that those bricks will rest closely one upon the other nith only a thin bed 
of clay cementing them together, and when the kiln has been burnt round 
once, it will bo found the strongest mode of structure for withstanding the 
expansion and contraction to which such walls arc exposed. Tlic outside 
walls arc built in mortar, as well as the y^ue*, cfiir/iney, and f-moke cham- 
ber, althougli in many cases cren (he smoke chnmhcr is constructed with 
bricks laid in ckay. 

ytrcf»rj.— In turning (ho arches of (he chamber, a centre mu«t be made 
to fit one chamber, and (his can be lowered and remored to the next cham- 
l>er In one piece. At each end of the chamber, a dropping arch is bnill 
of one brick projection to obstruct the draught along tho top of the kiln, 
while they likcwi*o fcrre as a support again't whicli arc placed the inter- 
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ccpting ^rrouglit'iroQ dampers for dinding and separating tbe chamber, as 
will be explained below. 

liadiation . — The main areh of the onnnUr firing»clinmber is cOTcred 
with a stratum of clay from 4 to G inches thick ; and above this, as well 
as between battered wall and wall of baming'Chamber, as well as the 
whole space between buming>chamber and smoke-chamber, is to bo filled 
with soil or sand, to prerent any heat from escaping, and to prevent the 
possibility of any damp or moisture finding Its way within reach of the 
heat of the burning-chamber. For this reason, it is most desirable to 
conslnicl a roof over the kiln, under which large qiinnthies of goods can 
be dried, while at the same time, it affords a shelter to the men attending 
to the firing of the kiln, who, cxi>oscd to the changes of the weather, 
more particularly during the night, cannot be expected to attend to their 
duties with punctuality. If, however, no roof is provided, the whole top 
Eurfoco should be closely paved on a thick bed of mortar or cement, and 
when finished, well grouted with cement, to prevent the possibility of 
water passing through it, at the same time giving the surface a good fall 
to carry off all water falling upon it. 

7ron-worb.— The iron-work for each kiln of 14 chambers consists of 
14 valves for regulating the draught, and they are built in, as shown in 
Plate VII. on the outlet of each fiuo in the smoke chamber. The 
* adjusting lids, when seated, shonid rest on a bed of sand to secure on air- 
tight joint. From the centre of these Hds, n long adjusting rod passes up 
through the arch of the smoke-chamber, and by means of a rast-iron 
plate and set-screw, it can bo regulated to ony height required. On 
the underside of these lids, are fixed three or four iron-bora, forming a 
guide to the valve, which, on being lowered, adjusts it properly in its 
place. Each firing-hole has an iron-pipe built in with a cast-iron cap fit- 
ting in a bed of sand air-tight. Of these 280, or 20 for each chamber, are 
required. Besides these castings, cacli kiln requires two large intercept- 
ing sheet-iron dampers as shown in Plate IX. The damper is brought 
in through a door-way ond placed in Us several partitions one above the 
other, ogainst the projecting arch, while in removing the same, the top 
parts are lifted, and the lower parts drawn through the door-way, and 
after that, tlie top parts are lowered, and removed in the same manner. It 
is only for convenience sake to have tico dampers for each kiln, that the 
work of the same may not be iotemiptcd while the damper is removed. 
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■\Vhilo on© damper is placed screral compartments m front of the fire, a 
second damper is placed \n front of the chamler to t>e filed; thus the first 
damper moj be remored withoat inlerropting the draught, ns the second 
damper is readj io cut off the dr&aght in similar manner, al/oiriog the 
waste gnses to pursue their coarse also through this compartment recently 
filled with green brides. The best method of placing tlie damper in its 
place is more minutely explained in the description of working and light- 
ing the kilns. 

Siltinf;. — As soon as the conslniclion of the kiln is completed, a num- 
ber of fires are lighted in front of all flues le-nding to the chimney, as well ns 
in various parts of the burning chamber, for several days, to drive off 
partially the moistnro contained in the briclc-worl: and floor. After this 
has been done, the next operation is setting or placing the bricks in the 
kiln ready for burning. Tlic setting is done in the usual way ns adopted 
in the ordinary kilns, with the exception that special care is required to 
form, immediately under each of the feeding holes, in the arch of burning 
chamber, (Plate VIII., Fi^. 4), vertical pits from crown of arch right down 
to the floor, to allow of a passage for the fuel inserted from abore to fall 
right down on the floor. Each of these fire-bolcs sliould bo formed about 12 
inches wide, down to within six courses from the floor, where they should 
be increased to IS inches square, fir the reception and combustion of the 
fuel. As in this kiln there are four circular rows of fire-holes, conse- * 
qncntly four circular flues (as shown in Fttjs. 1, 2, Sc, 3J,) are to be formed 
along the floor, connecting one firc-hoI© with the one in advance, ns will 
be readily understood on reference lo the annexed drawings. 

These fines form the passage for the flaaoe to travel along the kilu ; they 

arc made four courses 
high and arc covered 
by tho fifth course of 
bricks. In case the 
bricks arc placed very 
. damp in tho kiln, it is 

/.ijiiir * 

well to raise the 
height of these flues a few courses, to allow the steam sunicionl room to 
escape. If the kiln is in full operation, it is well to make tho inside fine 
jiarrowcst, say G inches, and increase tho width and liciglit of (he other 
central flues, os shown in sketch in matgliii so that (ho oiilsido chniincl, 
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being Uic wiliest, say 12 indies, onJ highest, say 24 inches to 30 inches, 
will draw the Gro more (othcoutsideof the kiln; as naturally, the draught 
has a tendency (o pass along the ehortest way at tho innersido of firing- 
chamber, and thus some difficulty may ariac to keep the fire proceeding 
with the same rapidity along the outside flue. 1, 2, So, Bh illustrate 

how the courses of bricks are placed alternately one upon the other. 

For the lowest course along the floor, it is admablc to take for the first 
lime of huming, iunti bricks instead of green bricks, as tho steam 
from the floor may soften the bricks placed Immediately aborc it, which be- 
ing unable to cany the weight of the whole bulb of bricks, would giro 
way, and at once stop up the draught along the floor, and cause delay and 
annoyance. This first course, as illasIratcJ in /'ij. I, is placed rather 
open, (Jearing one inch space helwecn each brick,) at au angle from the in- 
eide to the outside wall. Tlic second course is shown in JTij. 2, and the 
bricks arc placed in the direction of (ho circular flues, on which again a 
Ekintlc is placed, 3<7, upon which again the bricks arc set as io Fij. 
1 ; then Fij. 2b shows tho fifth course corcriog up the central flues. The 
next conrscs are again set alfernalely as explained io Fi^s. 1 and 2. Tho 
direction of crery aUemste course should bo changed ; while in oso courso 
tho length of tho brick is set in parallel Iloea with the walls of tho kiln, 
and taking tho same onward lino of draught, (PVy. 2,) the next courso 
ahorc it shoold bo at an onglo from the iosido to the outside wall, (Ft^. 1). 
Thus tho compartment is filled right up to tho crown of arch. 

In setting, the workman commences at one end of the chamber, where 
tho largo intercepting damper is placed, and continues so until be has five 
chambers filled withont interruption. In the meantime, (be doorways are 
built up with burnt bricks, and made quite air-tight by filling in sand be- 
tween two brick walls as illustrated in F«y. C. The men haring filled 
chamhera 1, 2, 8, 4, 8, Fig. 10, the large intercepting damper is inserted 
throngh the door-way of compartment 6, and placed in front and across 
the chamber 5. Ibis damper as shown in Fi^. 5, consists of three parts 
built up, and sliding in each other. Hie special plan in Plate IS , ex- 
plains this damper more clearly, and further reference will be made to it on 
page 77. It is of great importance to place this damper in such a position 
that it forms an absolute air-tight dirision, as no air should be allowed to 
enter at any place, nor the heat escape. Tho samo care is to be taken 
with the door-ways, which should be daily inspected several times, 
tot. I.— TUIBD EPITION. ** 

• “SiiR'Uny Oricks wJra g«ew between tLcro 
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In Ibo meantime, uInJo this is done, tlio chambers 7, S, 9, 10 ami 11 are 
filled Trith green bricks, ns has been done mth 1 to 5 inclusive, and a second 
intercepting damper introduced through the door-svaj 12, is placed across, 
and in front of chamber 11, Fig. 10, made air-tight as well as all the door- 
waps leading to compartments 7, 8, 9, 10, 11. It map bo hero proper to 
observe that it is desirable to fill the kiln for tbc first time of burning at 
least with bricks as drp as obtmnablc, as the new construction contains so 
much moisture, which is to begot rid of gradunllp, and excess of steam 
from brides and building map injure the bricks to bo burnt materialip. 

Xiplitinp.— In chamber No. 12, in front of chamber No. 1 ( Fig. 10 ). 
as well as in chamber No. G in front of chamber, No. 7, temporary walls 
arc to be bnilt across the section of homing chamber, as explained in detail 
iu Fig. 8, provided with four common kiln fires, Figs. 8 and 9, corres- 
ponding with the four central fines formed in the setting of the bricks 
along the floor. The valves in the smoke chamber Nos. 5, 4, fi and ll> 
10, 9 are to bo opened entirely, while all others remain closed, bedded air- 
tight in sand. Fires map now be lighted in the two walls, respcctlrclp, or 
in the eight permanent fire-places between chambers 12 and 1 and G and 
7. These fires arc kept viry low for 48 hours ot least, after which (imo 
they map be graduallg raistd for another 48 hoars, until after about five 
daps, the fires must be kept op to their /uU iiitcnsilg. Of coarse all tho 
caps covering the feed pipes in the arch ore to bo kept quito dosed, and 
bedded air-tight in sand. Tho first sign of tbc fire taking cflcct, is a vo- 
Inmo of steam escaping tho chitnncp. If loo much steam is created, which 
can easily be ascertained by lifting a few caps, out of which tho steam will 
evolve in large dense masses, such caps map be kept open for awhile, as 
this is a sign that tho chimney is not able to draw ofi tho rolamo of steam 
as rapidly as it is created through the cflcct of tho fire. 

If too much steam is confined, the bricks become soft, and in many case*, 
the lower conrses not being able to carry the weight of tho bricks nbovo 
them, Uicy give way, and thus interrupt tlio draaght along tho floor, while 
many bricks will bo spoiled and unfit for use. In this way tho fire is kept 
np from tho temporary walls, until Ibo bricks in the compartments near 
tho intercepting dampers of chambers 5 sjid 11 aro pretty well dry, which 
may be ascertained from the quantity of steam escaping by the chimney, 
which ahoul J bo very little for about five or six days, making in all about 
10 or 11 days. Now the fires in tbc tcmijorary wall between chsnibcrs 7 
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and C ate extinguished : chamber 6, which has been empty, is filled with 
green brides, as dry as they nro_obtaiiiablc, with tlic least possible delay, as 
soon as men arc able to set, after haring removed the temporary wall. 

Tlie chamber 6 thus being gllcd, the damper separating compartment 5 
from 6 is removed, thodoor-way of chamber 6 built up and made air-tight, 
the valves 3, 4 and 5 are closed carefully, not to allow any air to escape, 
nor to enter the kiln, while the valves 9, 10, 11 remain wide open, and the 
fire at the temporary wall 12 is increased to the greatest possible intensity. 
As soon as tlio chamber 1 is hot enough, the burning is assisted by throw- 
ing in fuel through the feed-holes near the temporary wall ; if the fuel 
reaching the floor ignites, continue to do ao throngh the first and second 
row of feed-holesj and through the fires from the temporary wall, as well 
as from above. As the heat proceeds, the firing likewise proceeds at the 
same rate from above, and as soon as the fire reaches chamber 3, the fire 
in the temporary wall is decreased, and a little air is allowed to enter at 
the permanent wall, by taking a few bricks ont of it from under the arch. 

As soon as the fire has advanced as far as chamber 4, the valve of cham- 
ber 0 may be closed, the fires in the temporary walls pnt ont, tbc yire- 
/jfcCMyf/fedup, a larger opening formed in tbe upper part of tbc temporary 
wall for access of air; and when the fire has reached chamber 7, thotem- 
porary wall at 1 may be quite removed, allowing the air entering throngh 
the door-way of 2 2, free access to cool the burnt-bricks ini. As soon as 
the fire Las advanced as far as 6, chamber 1 is emptied of bumt-brickB, 
chamber 12 filled with green bricks, and the intercepting damper removed 
from 12 to 1. The valve 10 is closed, and 12 opened, after having tlio 
door-way of 12 built up air-tight as illastrntcd in Fig. C. Now the kiln 
is in working order, and the fire will advance every day along one cham- 
ber ; therefore one chamber is daily to be drawn, and one chamber (o bo 
filled, the large intercepting damper being remored and adrasced. One 
valve is closed every day, and one in advance is opened, thus it is fonnd 
expedient to have generally two valves open. If, however, the kiln is very 
dry, and the bricks placed in tha kilns quite air-dry, it will often be found 
sufficient to open only one valve at a time. It is not necessary to leave 
the tekoU chamber (C) empty, as the temporary wall may ja«t as well be 
bnilt S 3 shown in dotted lines nearer the damper Fig. 10, and the 
little place left may sooner bo filled or left tbati«, Ihetol- 

tom part to guide the flame, while the top part may remain cm]-tr, 
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ivlii'cli trooM porrait a slioricr Jnterroption of the working" of ilio kiJn; 
Of course, while tho temporary wall is drawn and chamber (6) set, tbo 
dampers or ralres 10 and 11 should be almost closed, so ns not to draw 
in more cooling air than is nccossaty to enable the worlnncn to operate on 
chamber (6). 

Tlie fire on the kiln should always extend orcrat least Un void of feed- 
holes, and as soon as the row in advance is ready to ignite tho fuel at the 
bottom, one row in the rear is left off firing, and thus it rcgnlnles itself. 
It is very important to feed at regular intervals, to arriro at the utmost 
earing in fnel and rcgnlarity in borning. Presuming there are nine rows 
of holes to be fired, each hole shonld bo fed at intcrrals of 15 miniites 
123 *4 56780 

000000000 
000000000 
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000000000 
At the full hoar, row Nos. 1, 4, 7 are to be snpplicd with fuel, 

Fire minutes past the hoar, Nos. 2, 5, 8, 

Ten „ „ „ „ 8, 6, 9, 

Fifteen „ „ „ again „ 3, 8, 7, 

and so on. If, sometimes, it should be found some fecd*holcs rc<iniro 
no supply, the fuel not being sufTicicntly consumed, they may be left out, 
but tins will scarcely happen if the firing is ottciided to regularly. 

It may he well to describe the working of the kiln in a few words to im- 
derstand and appreciate the principle thoroughly. Tlie cold air can only 
cuter the annular chamber fliroogh two door-ways, vh., odd for drawing, 
nod one for removing the bricks. As it proceeds onwards in its lino of 
draught to the chimney, it enters tho first of the now cooling chambers, 
by which it is warmed. As jl percolates nmongsl the bricks in the second 
chamber, if s temperatnre is considerably raised { through tlie third, ilnltnins 
a high burning heat ; and in tbo fonrth, it reaches a glowing heat almost 
ns high as the hnming-brieks. With Us tcmpcraltiro tlins raised, it now 
passes the two burning compartments snpplicd with fuel, and mixing with 
the hot gases from the fire, perfect combnslion in close contact with the 
goods is the result, Pa'sing on from the burning ch.ambers, it p-uses tho 
7lh, in which the bricks «re absorbing tho waste heat, and they arc 
bnnfght to a low red heat before anjr fuel is snppHciJ; tho 8fh chamber 
15 wartitcd to n good heal, the Dtli is dry and warm, while the lOlh is 
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it<‘6Tninp tnsl ftrylnp cfT; vliHc llic moMpA«c« find prtxlncts of combus- 
Iren of n lew Imiprnitaro wapo info tbo oJiimncj*. 

TJie only »ini rrqnlrt^! of ihe firemnn !i <o judge when Iio 1 im nrnTcd at 
rnHiciml brat, and tldi be can fa*51y Icam by IcFoling tbrongli any of lire 
fced^jolr*, «b})e ))f fan rflanl or qnicbfn Ibe progre*? of Ibe fire by clon- 
ing or lifting one or wore Taken. He will rcqnire a atrong drangbt when 
ft Hew cbamlyr in added, for 8 or 10 bourn, nbilc after Hint time for tlic re- 
maining H bnnra, aometimen one Tak-coycn will be found anffident. Pnr- 
licnUr care is to be taben lo bate Ibe capn of fccd-yipen always well 
rcrewed down in the eand ; to aee that Ibe intercepting ilatni'cr does not 
admit any air; to examine nil clo«cd ralrcn, that ibey ore bedded well In 
aand; and frcqnently to in*pecl tbe bnilt-np door-waya, that they may 
prcTcnt any cold air from entering Ibe kiln. Tlic attendant eboiild fre- 
quently go into lb# amoV.c ebamWr, and innpecl tbe rakes to see wbclber 
ibey close air-tigbt in a bed of aand, wbieti be can soon Iram from a wbisil- 
ing noi*e, or by tnoring a candle round tbe seal. For tins purpose, a 
tnonAo/e sbould l>e protided to allow aecens to (be rake ebamber. 

In coflf for feel, tbe fireman ba* a small book and scoop, tbe 
one for bandling the feed-cap, and tbe other for supplying co&l. IIo 
abonld not keep tlio cap longer off the feed-pipe tlian is just required 
In supply tbe coal with bU oilier hand, and lie sbonld insert ft Tory 
lllllc At a time, perhaps, J pounds, just, enough to bum away dur- 
ing tbe 1 j minutes rest. If too much fuel is supplied, the central fines 
will be stopped up through tho nccnmnlalion of incmidcscent fuel, and 
tbe result would bo nu increase of bent at this particular place, molt- 
ing llie bricks, partly cutting off the draught, And thus iutemipting the 
regular working and progress of fire, besides causing n waste of bricks. If 
required to retard or cron slop tlio progress of the fire, the rakes In the 
emolcc-chamber mnst be atmosi closed, only leaving one Take about ouo 
inch open to prevent a bade draught. TIic fireman’s dnty Is therefore to 
feed at regular intcrrals, and keep tho kiln cTcrywhcre air-tight, so that 
no cold air is allowed to enter except through tho two open door-ways ; 
and he will Lato no dlihculty in burning sound bricks rapidly. 

Plate IX., explains tho construction of the intercepting damper in 
detail. The damper consists of three iron-plates A, B, C, one placed 
above tho other ; against the drop-arch B, is a shore in which the several 
pieces slide, while the damper is being removed. For removing the 
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60. Coronma or Bricks. — TJicre nre two mellioJs iii nsc for tliig 
purpose ; one, bj mixing certain coloring matters with the clay before 
burning, and another by dipping the brich in a coloring liquid after it is 
burnt. 

Tlic first method may be adopted when the coloring matter is avail- 
able in sufficient quantity, and is not too expensive, but the second method 
is paiticularly well adapted for expensive colors, and admits of a great 
variety ofcolors being produced at comparatively little coat, end with little 
risk of failure or trouble. 

The following three cases come under the head of the first method. 

1. — To make hrown or stone cohudelay into a light red tphen lurned. 

Take G bushels of clay. 

„ 1 „ jcllowothre. 

„ I „ red britfc, or soorice. 

Mix together and put tltrough pug-mill, aa described above. 

2. — 2’o give a yellow color to bricls^ 

For bricks of this color, the clay should be of the kinds known as 
Bedfordshire, Dorsetshire or Suffolk clay; but tho yellow colonrill bo 
increased, or produced from red clay even, by odding red ochre, and crash- 
ed yellow brick and pottery ware, it available. 

8.— Fbr best Hue bricks, (or tiles,) 

I Bushel of grooncl diot. 

1 M best fiue clay si/ted. 

J „ gtoxmi e]as3 {cffvtMon iottkg,) 

„ French oltramimne. 

Mix well together, and put through pug-mill as before. 

— ^This mixture and the next ore rather lotcodcd for plain flooring tiles, or for 
fUliog in the colored portions of a pattern io an ornamental tile, than for bricks. 

Bricks for these colors can be obtained morn snitably by dipping In a coloring 
liquid, as explained further on. 

Some coloring matters change their colors when exposed to great beat : for in-* 
stance, red ochre bums yellow, and yellow ochte bams red. 

The following retain their colors thoagh exposed to white heat.— French nltrama* 
rine, light red, and Indian red. 

'4. For black iTtcks (or tiles.) 

1 Bnahel of any clay, not red, 

li w groand cinders, nof ffty /ae. 

2 „ manganese. 

If for best work, such as terra cotts, add 
I Bushel of ground black glass. 

Jlix aud put through pug-mill, as before. 
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Blue Bricks . — Tlie color of the fjtnons StafToTclsliire blue bricks appears 
to bo lino to tbc iron that is in the clay naturally, but the bricks assume 
tlio blue color only if subjected to a very great heat in the kiln. If burned 
to a certain pitch, they become red, like ordinary bricks, but if the fire be 
increased and continued for ahont trronty-four hours longer, the color 
changes into a very dark bine, or nearly approaching a black. 

It is usual also to throw from two to three shovels full of common salt 
into each furnace, just before the fires arc allowed to die out. This has the 
cffi’ct of producing a glazed snrface upon the bricks. 

They arc much used for pavements in the side walks of the streets, ns 
well as in buildings, and sUnd the he-avy wear well. 

In monlding them, the dry moulding system is used, but instead of sand 
for sprinkling the mould, they use a material known among the people hs 
“ swarf,” Tins is merely the dust which collects from the grinding of 
edge-tools, and sneb like, and which can Imj had in considerable quantities 
in those localities. This dust helps to intenrify the color of the brick, and 
in fact produces a kind of surface of iron matter npon tbc brick. But 
independcDt of it, there is fiidiricntiroj) in the clay Jo prodneo tbc color, 
provitlcd the Irick he humed sujjlcienfty. Other clays will not stand the 
great heat necessary for thc«e bricks. 

51. The second method of Coloring, hg Dipping, is a very simple 
proeess, and bricks or tiles colored in this way will stand any amount of 
expo«nro to the weather without loring their color. Tliere is another 
good result from coloring m this w.iy, the surface of such a brick will 
never (.ike on any vegetable matter when exposed to a damp atmoiphcre. 

Tlie materials used for the coloring liquid are — Turpentine — linseed 
oil — and litharge; with coloring matter nsm.iy he required. 

An earthenware box is providcil, a few inches larger each way than a 
common brick, and it is half filled with a rod liquid of nl)ont the consis- 
tency of thick cream. 

TJic bricks, «^c., to be colored arc laid npon an iron plate, with a fire un- 
derneath. The place may be large enough to contain a couple or three 
score of bricks. Tlic bricks arc heated, not to a great heat, but too great 
to admit of their being handled. 

Tliey arc then taken, one at a lime, and dipped into the liquid in the 
lox for a few seconds, then placed on a table to dry, which they do in a 
few minutes. Tlicy are (hen taken and slightly wa<lied with the hard 
M'L. I — Tiiinn rniTf«»jf. u 
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or a bit of wg, in n, troagh of cold water, nnd placed aside to dry. Tliis 
completes the whole process. 

If the brick bo open and porous, soch as any common brick is, tlie color- 
ing matter will penetrate about one-eighth of an inch ; but for bricks con- 
taining a portion of glass and crockery, such as terra cotta, the coloring 
matter will not penetrate so far. However, in .either case the color given 
to the brick is thoroughly piicla and lasting. 

The following arc the proportions used for some of the colors : — 

1. For red hricLs. 

Ij pints of terpentine. 

I i „ linseed oil. 

1 ponnd of litharge. 

I ounce of India red, 

Mi.t well together and use as explained above. 

2. J’or llite bricks. 

I pint of turpentine. 

1 „ linseed oil. 

j ounce of litharge, 

1 pound of French ultramarine, 
hllx and use as above. 

3. For black Iricls. 

2 ounces of litharge. 

C „ manganese. 

4 „ linseed oil, boiled. 

C „ turpentine. 

4. For <jre^ bricks. 

0 ounces of nhitc lead. 

1 litharge. 

1 „ manganese. 

2 n boiled linseed oil. 

4 „ tiirpcntine. 

From these epcciracns it will be seen (bat any color may be produced, 
llto fiindnmcnl.nl items being the litharge, turpentine anil oil. 

Coloring materials could be hod in great variety in India, in any b.az:ir 
nlmost. 

If a brick bo dipped in one of the above llquidi>, nnd again exposed to a 
great lic.at it nill become glazed. 

Tlieso coloring liquids arc sometimes u'setl where the brick cannot either 
be (lipped or heated conveniently, ns in the caso of bricks oiroady built 
into a wall. In such a ease the bricks ore carefully clcaucJ, nnd the Hrpiid 
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licalc*! nml lalil on willi n lirnOu It ilocs not pcnclralc tlic Irich so well 
tliis way, but tlic color stntuh tho cfiect^ of tlie wcatlisr remarkably well. 

62 . BcnviKo.— Tlic burning of terra cotta gootl? of all Und^ includ- 
ing ornamental bricks, hai to l*o managed with great care and nicety ; but 
tlicrc is one peculiarity in tlio o]>cratton williont wliicli Ibc unifomiity of 
color necessary for sncli goods conld not be attained. Tbo goods arc com- 
pletely cnclo«cd in a ca<c of fire brick, or mtipe ns it is called— and tbo 
fire is not allowed (o come in contact wilJi tbcin in any way. 

The necompaiiying plan of Ibe kiln will tbow the natnre of the arrange- 
ment. (/•/<!/« X). 

Tlie inner face of the main walls and the mnfilc arc of fire brick, and 
the ninfllc, as will bo obserred, forms a complete slicll inside of tlic kiln. 
Tlic mufllc lias a thin arched floor, under which the fires play, and between 
the walls of the mnfilo and the walls of the kiln, tlicro arc small open 
spaces left, so ns to allow the licat from the furnaces to circulate completely 
round, and .above the mnfllo. It Im an arched top also, and corresponds 
with the general form of the kiln. The space between the mofile and the 
walls of the kiln is about four iocbes, but at tbo top it is about a foot. 

The goods arc nrniogod, r.ather openly, inside of tbc mnlUe, and, in the 
case of articles that would be likely to get injured from having others 
placed upon them, it is usual to m.akc slight and temporary pillars of fire 
brick, as may bo reciuircd, in tho body of the kiln; and on these, broad 
slabs of tbo same material arc placed for tbc support of the various articles 
to be burned. 

Tho whole weight of the goods rests upon the arched floor of tho muffle, 
and ns this floor must be thin enough to allow the heat from the furnaces 
undemc.itli to pass through it readily, and strong enough to support tho 
weight of the goods, the difiicnlly is met by constructing a senes of ribs 
in the arch, of greater depth than the floor generally. These ribs ore at 
intervals of about G inches. 

To allow the heat to penetrate ns easily ns possible, the walls and top 
of the muffle arc constructed of brick-on-edge. , 

Tho plan of a portion of the main wall of the kiln and the muffle wall 
is like the rough sketch in the margin; 
and the heat from, the furnaces comes 
tip through the spaces marked a. The 
arched roof of the muffle abuts oion the mam wall. 
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The main walls of the Icib arc clamped, and held to^jelhcr by strong 
iroa bands. There is one that goes all round it, up near the top, where the 
arches of the kiln and mnfllo apiing from, and there are upright cast-iron 
ribs at each corner, connected with iron rods running along the masonry 
of the main walls. The expansion and contraction of these iron hands 
cause the walls to crack a good deal, but the iron holds them together, 
and they would not stand without this support. 

The kiln is hlled and emptied at tho door shown at the bock. 

When filled, this door— first the mnffle and then tho main wall— is built 
up, bat there is an earthenware pipe bnilt into the masonry nearly perpen- 
dicular to the face of the wall, aud through this pipe, the steam from tho 
damp goods escapes during the first three or four days of the firing. It 
serves also as an opening for observing the slate of the goods during tiie 
burning, and it is usual to place a few pieces of material to ho burned, 
made into the form of rings near the inner end of the pipe. One of these 
rings, or proofs ns they ore called, can be drawn out at nny time with on 
iron rod, so os to observe tho progress of the burning.* A common black 
bottle is generally placed olso near the proo/s, and when it melts and sinks 
down into o shapeless moss, tho burning may bo considered about done. 

When fioLshed, the whole of tho furnaces and other openings ore care- 
fully closed up and ronghly plastered with cloy, nnd tlio kiln left'to cool 
for a week or so, after which the door may be opened, and the goods taken 
oat when cool enough to bo handled. 

If goods of different colors, such os while clay nnd red clay, be placed 
close together in the kiln, they will mutually tinge each other ; that is the 
red goods will receive o tinge of white, and the white ones of red. 

63. Mouamifo. — All terra cotta work and ornamental bricks arc mould- 
ed in plaster of Paris moulds. The pecu- 
liarity of these moulds will be understood 
Irom tho rough sketch in tho margin, which 
leprcseat-j a section throngh the mould. 

The outer sUcll of tho mould is represented by tho part morked b, and 
there arc four separate pieces morked a, two side, ami two end pieces ; c 
represents tho clay of the brick. 

TLo clay ia very carefully pressed into the mould with the hand, fiibt 

• An; UnS d{ tnrl iLst wUI bum btuU; «iU ansttec Iv Uic iiln. Ilocii coal and coke ore iu»I 
la Lxi£l*oJ , tut wood would do quite wcU. 







CIIArTER III. 

TILES, 

55. TiLca flro of tliroo kinds — Roopitro-xii-ns, pLOoniNO-TiLCS, aud 
Dhaik-tilds. Tiles require, if possible, more care in constnictioa Uian 
bricks, as from their greater delicacy they arc more liable to derangement. 
The clay slionld bo much stronger than for bricks, very little sand being 
used, and that only for tho very plastic kind. No ashes, chopped slravr, 
caTT-diist, or any other foreign substance can bo admitted. Tho best clay 
rvill generally bo found beloir tho brick soil, and the blue clay is particn- 
latly good for tUc-waking ; the same previous preparation of the clay, and 
tho same mode of working and tempering is necessary j and the more cfTecfc- 
ually to render its state uttiform and ridding, so that in moulding it to 
tho Torious forms required, it may not crack, the png-mill should bo 
employed, from whence the clay should be removed to sheds under which 
tho moulding is conducted. 

Patterns in wood of the exact form of the tiles to be made, should bo 
given to the moulclere, as well ns forms on and m which they nro to mould 
the tiles, which will of course vary with the kind required, and should bo 
of hard-seasoned wood of tho simplest construction, and not liable to warp. 
These arc the more necessary, and their use should be enforced, to prevent 
a common practico of tho natives of sticking on strips of clay Jo tho 
edges of a flat or solo picco to form tho raised sides, which can bo broken 
off by the finger and thumb when burnt. They should be made in ono 
picco by tho aid of a mould for tho purpose, tho edges being either tamed 
np orcr a square edge, or workcil into tho sole, and tho upper edge tniu- 
med with an iron tool. Tho drying should be entirely in the shade in tlio 
Iiot weather, as from being thin, the lilcs will warp if exposed to the sun ; 
great care shonUl be observed in laying them out to dry, and when set 
firm, to arrange them on edgo that the air may have access to all their 
surfaces. A fence should encircle tho drying sheds to keep out dogs and 
sirny cattle. 
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Tlicrc 13 not ft material itx ikc in Indift that rcfinircs more nltention to 
improro it than tlic tile. The present almost universal kind, is light, 
porous, nnd ahsorls ivnlcr, is subject to be displaced by high wind or birds, 
and in the attempt to repair one of these bisenit-like tiles, a man in as- 
cent and descent cracks twenty mote. They are besides hardly weather- 
proof and cannot, except in combin.alion with that combustiblo and perish- 
able material, grass, reduce the interior of a building to a habitable temper- 
ature, whilst their diminutive sire renders the use of a bamboo framo 
necessary on which to lay them, which being perishable, rots, or is worm 
eaten and sinks; the roof then leaks, its timber dcc.nys, and the goods 
contained in the building arc damaged. In addition to which, the ex- 
pense and trouble of their renewal is constant and great. Tliesc are surely 
reasons enough to show the necessity for the manufacture of a better des- 
cription of material. 

66. In most parts of India, three descriptions of roofing tiles aro 
made, viz , the Pof-tiVe, the Pan^tile and tlio Ftat-UU. There aro also 
tht S ri7e, and the largo kind generally known as Goodicijn'$ tde. 

Fot tiles.— The po( aro termed lool/ce (locking), or commonly, ilooi- 
feeddr, and arc either usctl with other kinds by covering tlicir raised 
ledges : or the roof is of curved tiles only, locking into each other by having 
the adjacent rows laid with the convex and the conc.avo sides uppermost, 
nUcmatcly, Tlio same arrangement is better answered by using the S tiles, 
which, if well made and of a gootl size, make an c.xccllent water-tight roof. 
The objection to them is the difficulty of repairing the roof if any get 
broken. It is also generally difficult to get them made of a proper shape. 

Tiles arc generally laid in mortar on a fiamc-work of bamboos and mats. 
Sometimes they are used over a thatching of grass, but this arrangemeut 
is not recommended, as tlio grass rots, the tiles get di>placed, and tho 
roof leaks. Goodwyn’s tiles arc laid m mortar over a layer of flat square 
bricks; they have been largely employed iu the Punjab b-arracks, and 
make an excellent, though somewhat heavy, roof, (the details of which aro 
described in the Second Volume of the Treatise). 

The pot-tiles are made on a potter's wheel, and together with the flat 
tiles, arc in India burnt in an open clamp with dried cowdung in tho same 
manner as bricks. Dried cowdung is an excellent fuel for the purpose, 
much rcseniblhig peal, as it gives a strong heat without llazjug or burn- 
ing fiercely. 
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The larger tlic tiles can be made tbc better, as (bey arc then less easily 
displaced or broken by birds, and as barracks are much frequented by tuI- 
tnres, adjutants, crows and otbcrcarnivorous birds, this is a matter of much 
importance ; large tiles are more dilHcuIt to make and to burn than small 
ones, but as they also cover a greater area, they will often, on computation, 
bo found not to be so much dearer as at first they may seem to be, judging 
only by tbc price per thousand. 

The Paii'tile is in shape similar to the pot-tile, differing from it only 
in being shorter, heavier, and less curved. As made by the native con- 
tractors, it is also of very infejior D)atciial, hut, as only one kind of clay 
is used for both the pot and pan tile, and equal care should bo taken in 
tempering and manipulating it in both eases, an equally good tile, as re- 
gards quality, is obtained by moulding as by turning ou the nhecJ, with 
the further advantage of ensuring a nniform size, 

57. Tile LT^nufacturo, — In the manufacture of tiles, os in bricks, 
the quality of the ware depends chiefly oo three particitlars, viz., the aattiro 
of the ehy— tempering— and burning. The following is tho method ns 
practised by tbo Jfadras Sappers at Mercarn. 

Tile clat. — T lje clay used is of a blackish color and very stiff, gone- 
rally found underlying the brick-earth, from 6 to 10 feet below tho sur- 
face of tho ground, in tho vicinity of paddy or marsh lands. It is stiff 
enough to require a little sprinkling of the brick loam immediately over- 
laying it, or else of sand ; the proportion of loam to clay varying with tho 
quality of the latter, which experience can alone determine. 

The clay is usually vncalloiccd and dug out immediately before the rains, 
and spread in heaps, in which state it is allowed to remain during the four 
or five monsoon months, with the view of breaking down tho harder and 
knotty pieces, so ns to render them easier worked; but as it is found in 
England that wet retards the process of weathering, while hot dry weather 
or frost is beneficial, this practice may be deemed questionable, until some 
direct experiments have been made to determine its advantage or otherwise. 

After the rains cease, tho clay is put Into tempering pit«, abont ono 
foot deep, of any convenient area, and the bottom paved with bricks, 
wlicre it is covered entirely with water for about twenty-four hours, when n 
little more water is thrown over it. At tho expiration of about tweiro 
hours after tliis, tbc clay is trodden hy men’s feet for two or tlireo hoiiro, 
which completes the first conrsc of tempering. It Is then removed into 
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slicds bj tUc same people who trcaA it, and is thcio formed into conical 
heaps about four feet high. These heaps are cut, or rather pared, domr in 
thin slices from top to bottom vpitli a circular iron cutter i^Vlale XIV., 
Fig. 1), which process is repeated three or more times, until the hard 
pieces and stones hare been broken down and cleared, and the mixture of 
clay and loam well amalgamated. It is then well worked and kneaded 
with the feet on hides or hoards into a stiff paste, crery hard substance 
which the eye or feet detect being removed, when it is in a fit state for the 
potter or moulder. 

JIoELDiKO.— For making pan-tiles, a gang of three people only is re- 
quired, viz 

Temperer (man) 1 ; moulder (man) 1 ; Cleaner (boy or woman) I. 

rmpew.— Tho temperor’s duty is simply to prepare the clay in the 
way above described 5 for effecting which, nil ho requires is a mavioig or 
spade, a chatty and a basket, and to carry and place tbo clay in heaps by 
the side of the monlder. "Water is supposed to be sufficiently at hand to 
■allow of tho temperer fetching It himself. 

il/w?d<r.— The mouldevsits on the ground with his mould {Fig. 2), xeater 
trough and stn'fce (Fig. S) in front, and after covering his mould with 
wood ashes or finely sifted brick-dust, previously deposited near him, ho 
lakes off with his hands a piece of clay more than sufficient to fill tho 
mould, which, after roughly shaping, ho throws into tho mould wjth all 
his force, taking caro to work it well into tho comers and other parts, and 
then cuts off the superfluous clay with the how {Fig. 4), made of wire or 
of string stretched on any clastic piece of wood. He then presses his 
strike, a flat piece of wood, or ruler Ih inches long, 2 or 3 inches broad, and 
half an inch thick {Ftg 3), backwards and forwards over the clay, till the 
surface is tolerably smooth and level with the upper surface of the mould 5 
after which, opening tho thumb and fingers of ins left hand, he presses 
the hand thus cxlcudcd elightly onto tho clay in tho mould, which, ndlicr- 
iiig to tho palm and fingers, is easily lifted out and placed on a burnt pan- 
tile near him. Each succeeding piece thus taken out is placed on the (op 
of the previous one, until a heap of twenty is collected, when a new lieap 
is begun, and bO on. The heaps arc left till tho following day to dry a 
little,* when the moulder shapes them into the curved form, on the convex 

» Tbfl Hino for drytns iBlut cf touT»« T»r7 «U>> tte ratBn<J Ibvclimau. t.M »a tl_t I. 

10 b* coitful ti «Q thlr Moro 1 <, that t&« cIaj ii kaOcicBUj jilkMic M l« vllbout cnain;, 

VOL. I.— lainn Eumoir. k 
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Lact of fl horse (Fig. 5), by simplj beodmg them gently orer it^ nnd 
fiinootbrng the back of the tile itself \rith his hand dipt in water. The 
horse, haring been preriously well eprinhled with wood ashes or brick«dnst, 
permits the tile to be easily taken off it, which the moulder does with both 
hands and then places it gently on the ground (which ought to bo well 
rammed and flattened), until one heap of twenty is finished ; he then pro- 
ceeds to another heap, and so on. In this way, an experienced moulder will 
mould nnd horse 300 per diem. After lying on the ground fire or six 
hours, or till sufficiently stiff to be handled, the tiles are taken up and 
re-horsed by a man or boy called the cleaner or washer-ojf. 

C!eaner or tcas/icr-of. — This individual trims the edges with a knife, 
clears away the ashes from the interior by rubbing it lightly over with 
grass, and afterwards washes it 
with his hand well wetted, rub- 
bing it over till quite smooth. 

On completing this process, 
he lays the tile again on the 
ground where it is left for 8 
or 10 hours, until it is 
hard, that is, stiff enough to 
bo placed carefully on its nar- 
rowest edge against a board or 
Wall,' when tbey riq all pick- 
ed up and disposed of in this 
way, that is, standing out at 
right angles to the wall ono 
over another, and so left until 
quite ready for Lurning. Xo 
setting iho kiln, a flooring is 
first made by a course of bricks 
laid flat and somewhat open 
over the tops of the flues, nnd 
on this flooring the tiles arc 
stacked ns closely as they will 
lie on edge, course upon course. TThentbo kiln is full, the doorways* or 

• Tie ilrtrr**7 (, •loaT) ; tc Ii nmljr ka oi>-bIiib two er it.rt* /oct wJile in eay eonrtalejit 
•U>T*pw!Be, {(T tltrarr^CtmUoauid uaJoeClo^t tie LUa. 
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hatclics arc bricked up, and the top covered with a course of old tiles 
laid loosely over it. 

Shtds.-^lt is necessary to have sheds, as owing to tbo stiffness of the 
clay, the tiles, on exposure to the wind and sun, except for a very short 
time, crack and get out of shape very extensively. As the natives never 
go to the expense of constructing such sheds, they arc obliged to use a 
very mild clay to prevent this loss, so that it is no wonder their tiles arc 
of such inferior description. 

It is a good plan in order to gain room in these sheds for moulding, to 
have a scries of blocks or drying shelves, which are formed with 3-inch 
planks, placed 4^ inches ond above nnollicr, on bricks laid on edge, and 
carried to any convenient height above the floor. The size of the sbed 
and number of these blocks will depend on the number of moulders at 
work, but the area allowed to each is 1C feet long, by 20 feet wide, and 
the moulders should bo so arranged as to leave a passage of about 8 feet 
all around the Hocks, so as to have them easily accessible. The moulders 
sit either in tho centre or at the side of the sheds, and the blocks aro 
placed all down tho centre (F»^. 7.) The blocks should have nine tiers 
of planking. 

Bchniso. — The burning is effected entirely with wood. Tbo kiln is 
circular, and of size eufficient to bum 80,000 tiles at a time. As in tho 
case of bricks, tho Arcs must be gentle at first until the disappearance of 
all white steam j after this, they may be gradually raised to a greater heat, 
until the inside of the flues appear red hot; the Are is then slackened for 
six hours, after which, it is again raised till the interior of the flues has been 
brought to a white heat, and kept so for about three hours. The fire is then 
again slackened for six hours, potting in no more wood during that time. 
At the expiration of the six hours, the fire is raised to the same heat as 
before, and kept up about four hours, when tho flues ore quite filled 
with fuel, and (heir mouths stopped op with brick and mud, the fires 
being allowed to go gradually out. TIic burning generally takes 72 Lours, 
being maintained night and day. In windy weather, the kiln should 
be sheUcred as much as possible on the weather side, otherwise, a Urge 
number of the tiles on that side will be found ondcrbaml : these are tech- 
nically temed it/m-erers, and should be put on the top of the next kiln to 
be fully burnt. 

Cost.— To make a kiln of 80,000 pan-tiles, the folloning lal>cr tnl ma- 
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taps sriili the palm of liia Iiand, (hen turning doTrn the roovallo lop D, 
{I'tj, 4) of llic monli! on to the clot, lie drairs the lever and weight forci- 
Ujr towards him, until it presses hanl on the top of the mould, which is 
cITccted hjr three friction rollers fixed into the holtoni of the lever post. 
Mith his rishl foot ho then gives the Ircadle T (F!j. 3) two or llirco 
ftnarl jcrh«, which lends to press the clay well Into all parts of the mould ; 
and aUcnranN, throws Lack the lever and weight, raises the lop of the 
mould, and with a wet strike, of the same kind as heforo described, cuts 
cfl the surplus clay; after tin*, he gently works hU wet hand over the 
top surface of the tile ; a pallet bo.arJ well covered witli wood ashes being 
then place*! on the top, the niooWer, w/th one jerk of the treadle, forces 
out the tile and board on which it rests, ready for the 

IJfannj'Pf t/oy, who itands-dircclly oj»porile to him, on the other side 
of the moulding table, and whotc duly it is to keep the pallet and tile 
boards well covered with wood ashes, and to seize and carry off the 
newly formed tiles, and place them on the blocks to dry. This he 
docs by catching (he pallet and (ile boards, with the tile between them, 
gently with both hands ; he (hen reverses (bo boards by tnruiog them 
dexterously over, with tlio (itc still between them, thus brioging the tile 
board Dpi>crmost, wliich, by means of an iron eye fixed in its bottom, ho 
removes easily with his right hand, leaving the tile rcsling on the pallet 
board, lying on the palm of his left hand. The tile board ha places on 
the monldiag table, ready for the moulder to put in the mould again, 
and (hen carries off the tiles to the blocks or in (heir absence to ajla(, a 
piece of ground duly prepared with rammers and yoJar,* to receive it — 
hero it is left (ill hand-hard, when it Is removed by the 

Trimmtr-oif, whoso business is to gather up nil these hand-hard tiles, 
and place them in heaps of ten or twelve, lie then trims the rough edges 
with a knife, places them one at a time between two flat boards, which 
he presses togetlier with his hands, and rectifying anything he finds wrong 
IQ the shape, he then places them in rows, as in t'ty. 5, piled one on another, 
Where they arc left till quite dry, aficr wliich they are carried to the kiln, 
and stacked as shown. 

Huminy.— Kilning and burning, being precisely the game as for pantiles, 
need no description ; only it may bo observed that the flat-tiles being of 
smaller dimensions (C^ X 6^ X g inches), the kiln previously described 
<* CeW'dovf, dtlsteil wlta WBtrr. 
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^ill liold 50,000 of them j bnlh kinds of tiles, however, arc generally bamt 
together in the same kiln, pan-tiles at bottom and flat-tiles at top. 

An experienced moulder with his assistants will mould 500 per diem. 

Cost.—The cost of labor, &c., for 50,000 flat-tiles is as follows: 

n. A. T. 

.. 17 0 

.. 12 6 0 
.. 25 0 0 
.. 8 5 4 

.. 8 5 4 

.. 8 5 4 

.. 3 2 0 

.. IS 8 0 
.. 2 4 0 

.. 82 13 0 

The cost in this instance, as in pan-tiles, is c.vcUisiro of kiln, sheds, and 
tools. 

It is, perhaps, scarcely necessary to observe thatshedsformouldingand 
drying are cciually required in this case, as forpan-tile making— these need 
no description. 

69. Goodwyn’s Tile is a large and substantial flat»ti)e, with raised 
edges, the joints between which are covered with a 
semi-cylittdrical tile, precisely such as were in use by 
the Homans. 

Atlinscn’s Tiles are similar to Goodwyn’s, and the 
method of roofing with both of them is described 
in Vol. II., in the Section on Buildbgs. 

Syrian Tiles are used in nrcbed roofing, and the method of using them 
is described in the Section on Masonry. Tliey are turned on the pot- 
ter’s wheel, and are hollow like ordinary flower pots, but closed at top and 
bottom, and slightly flattened at the sides like flat stone bottles. They are 
generally about 0 inches high, with a larger diameter of 5 inches, the 
smaller depending on the enrro of the roof. 

60, Sindh Tiles.— An improvement on this kind of tile, called the 
Sindh Tile, has been lately introdneed by Lieut.-Coloiiel Fife, H.E., and 
vised with much success in Sindh. The following account of their niantifnc- 
turo is taken from Vol. I., of the“ Indian Professional Papers.” The mode 
of roofing with them is described in a subsequent chapter of the ^‘Mn- 
Eonry” Section. 

• A cuMsywd or chy well rtiauattlftttltndpcmlTfmniale ?, ISO flat-tile*, 5| x CJ x| icchc*. 



Burning, 18 men, at 2 annas, 
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D<scnj>fjon 0 / the Mttliod cf SloHng II(Alov} ITexagonal Vovssoirs 
for Vaulted Hoofs.— solid \TOoden vonssoir is first mado in tho fol- 
lorving manner:— A piece of wood about 15 inches in length and 9 
inches in diameter, is shaped into n tolerably accurate cylinder. Its 
Fig. 1. Fig. 2. Fig. S. ends arc then sloped off, till it bc- 

O comes oblique, as shown in /"jy. 1. 

// // Hexagons are then inscribed in 

\\_jy \ \ / J circles of about 8 inches diameter, 

at each end, (Figs, 2 and S,) caro 
being taken, by prcTiously drawing a straight line from top to bottom, of 
Fig.' 4. Fig. 5. the cylinder, to make tho hexagons parallel. 
n ff . From thesides of the hexagon at the bottom, half 

II H an inch or whatever may be required, is cut off 

1 •// (Fig.S). The superfluous wood is then pared 

I I // / / ' leaving tho solid hexagonal voussoir, as 

Ai—ifc/— J gbown in Figs. 4 and 6, a piece of wood being 
inserted at tho broad end 0 $ a handle : at tho other (narrow) end, a small 
hole, about 1 inch deep is bored at tho centre. 

Some common carthem l.oondas (cylindrical pots) of the section shown 
in (Fi^. C,) are then made, in tho ordinary manner, haring their tops 
Tig, C. sloped at the samo angle as the voussoir, (bnt acen* 

■ \Va^/K«ondei. racy in this case is not necessary.) When tho 

^ 0 ^ hoondas are dry, they are sawn in two; after this 

I they may bo bomt. Tliey may also bo mado of 

I wood ; but the earthen ones only cost a few annas 

l=>jjs=d li=3(=^ ofg not liable to warp. 

To male the moulds, clay mixed the day prerious, and containing rico 
bhoosa, to prevent cracking, is beaten into flat cakes with the hand, and 
placed, in the half hoondas, and well pressed against the sides and hollom 
with tho hand. The two pieces ot koonda arc then bonnd together with 
a piece of rope, and placed upon a levelled piece of soft ground. An iron 
rod, something less than a quarter of an inch in diameter, is then inserted 
into a hole at tho centre of the bottom of the kponda. Next, the wooden 
voussoir, (wliieli as above statetl, has a (mall hole bored in it for the re- 
ception of tho rod which working through the central hole at the bottom 


keeps the axes of wooden vous'oirandof koonda truly coincident, so as (o 
insure uniform thickness iu the aides of tho mould under construction,) 
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js forced into the koondn, pressing the clay against tlio skies and bottom, 
and forcing domi the iron rod into the soft soil belon-. Tliis is repeated 
four or firo times, care being taken to keep the voussoir Tret, to prerent 
it adhering to the clay. If there appears to be 'too little clay in the 
koonda, from the cakes having been too thin, more can be added, nntil 
the TTOodon voussoir, by compressing it, forms a mould as accurate as it- 
self. The voussoir ought to be carefully withdramj from the mould, 
othenrise tho mouth mil bo spoiled. 

The mould ought not to bo removed from the koonda for four or fire 
days, as the mass of clay being great, it is liable to crack; it ought, 
morcorcr, to ho kept in tho shade, and irhilo drying, any cracks that may 
appear ought to be stopped trith moist clay. As the moulds arc removed 
from the koondas, the vcight may be greatly redneed by taking an adze, 
I'iy. 7. and paring the exterior into the form of 

a hexagon, corresponding irith the inside 
^ of the mould. TThcn (hey are dry, holes 
" should be made in the bottom, to cor- 
respond iviih tho tenons on tho rrhecl 
(/ij 7 . 7) on rrbich the holloir voassoirs 
aro formed. By doing this heforo tho 
burning, ranch labor is saved, tho dry 
clay being easily cat vrith o chisel. Hio 
moulds may then be burnt. Litter is the best fnel for this puiposo, vrood 
creating too great tihcnt, and causing tliceo to lose their ahopo from fusion. 

To Moie iJie hoUoxo voussovs, the cloy used should be what is com- 
monly Called “atrong earth,” or what is used for pottery. It shonid bo 
beaten into dust, and then mixed with dry horso-diing, also beaten to dust. 
■\Vatcr should then bo added. An hour or two afterwards, when tho clay is 
completely salnratcd, it should be well mixed with the hand, suQlcicnt water 
being addotl to make it of the consistency of paste or putty, so that it can 
he taken up in the hand and easily compressed into any form. It should 
remain in this state for twenty-four hours, after which it is fit for nse, 

Tlic rnonld is filled in the same manner as tho koonda. A pioco of 
cl.iy, taken from that before-mentioned, is srcJl worked U]j witli tliy Jiaiids 
on n piece of plank, in tho same way in which a native makes his bread. 

It is then bealen out with the palm of the Land into two fiat cakc'f, nlikli 
aro carefully idnccd against opposite sides of the mould, and overlapping 
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c&ch otbcr a liltle. TIio da; abonld tlicn be well pressed into all (ho 
angles of the mould sritli the knuckles. After this, a piece of cln;* about 
the dze of an apple, should be (hrown smartljr to (ho bottom of Iho mould. 

If (his is well done, it driTcs the clay prcriously placed most cfTectunlly 
into the acute angle at tho bottom. Tlie pressure of the knuckles is not 
FulTicicnt there; and, morcorer this last piece of clay makes the circular 
STcdge or mandrill tel more cITectHally. The mould is then placed on 
7’tj. 8. the wheel, and a small chip of wood (n, Fig. 8), an eighth of . 

thick, inserted between the clay and the lower side 
of tho mould. Tlds la to prerent the wedge from making 
that side of the romsoir too thin. There is no necessity 
for a similar precaution for the other sides. An iron rod 
like that prerioudy mentioned, is then passed through the 
bottom of the mould into tho top of the wheel. Next a 
circular wedge or mandrill about half an inch less in dhametcr 
than the breadth of the mould, so as to learc round it about 
a tjuartcr of an inch of clay for the tliickne«s of the ronssoir, and haring a 
hole bored through it for the rod, is placed in the mould, and plenty of 
water sprinkled on it. llic wheel, with the mould on It, is then set in 
motion with the foot, the wotlge being tliorouglily held with (he hands 
and gently pressed downwards. 

If it descends rcry rapidly, it will be found on taking it out, that tho 
cakes of clay ore too thin; whcncrer this appears to be the case, more 
must be added with the band. If (bo wedge docs not descend to the 
bottom, it is owing to llicrc being too much clay, and this will have accu- 
mulated under it. Tliis should be remored, caro being taken in doing 
so not to tear tlic sides of (he vonssoir. The hand should be conreni- 
cntly placed against the clay, and the wheel set gently in motion. The 
surplus clay is neatly cut off in tliis manner. The wedge should then 
be again inserted, and tiic process continued, till tho inside of tlie Toussoir 
IS perfectly smooth and free from flaws. The wedge should be slowly 
removed from the mould, tho wheel being kept in motion. Ihe wedge • 
ought to go to the bottom of the mould. This is ascertained by looking 
at the indentation made in the clay by the projecting piece, b, at tho bot- 
tom, and which is made to prevent the wedge descending too far and 
destroying the bottom of the voussoir. It will be observed, from the 
m.'inner in which the voussoir has been made, that the acute angle at the 
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bottom is soliJ. This roust be scoopcil out ’(villi the Imml; and, at the 
®ame time, the irater wliidi collects there diirin^* theproces'; /ihore des- 
cribed, should be removed ivith a piece of cloth. 

The next process is the closing of the mouth. The surplus clay and 
chip of irood arc first reoiorcrl. A goad piece of clay, folprahjy eti/T, is 
then rolled bet^vecn tbe bands, until it is almost a foot long and an inch 
in diameter. One end of this is attached to the mouth of the vou«soir, 
and the wheel being set gently in motion, it is carried all round, and well 
joined to the roussoir, by pressing it and the side together with the tliunib 
and the fingers. Tills effected, the projecting clay is lightly held between 
the thumb and the fingers, and the wheel being kept in motion, (he raonth 
is gradually closed, If there is not sufficient clay, a small cake about the 
size of a rupee sboiilJ bo gently placed on tlie aperture, and the escape 
•of the air inside immediately stopped by adding water, and joining the 
cake to the clay previously placed. If this is not done quickly, the mouth 
will sink. 

The mould containing the roussoir may then be placed in the sun to 
dry, and ivhcn tUo clay begins to stiffen, the moiuh must bo hammered 
fiat, a small bole being nindo to allow tbe air to escape. In three or four 
hours fho voussoir is sufficiently dry for removal from the mould j tho 
mould being tnmed upside down, tho roussoir drops out. 

In four or fire days tbo ronssoirs arc dry enough for burning. This 
is done in the same way as with common pottery. A layer of dry sheep's 
dang is first laid on the ground, and over this a layer of light litter. 
On this bod two layers of ronssoirs arc placed, and over Iho whole is 
another layer of litter, corcred with adics. Tho ashes prevent the flame 
from escaping too soon. 

in i r. 

One coolie,* u'ith two nssislnnls to (lit ihc monJd for him, ivdi, 

•after a montfi’a pr.iclice, make 70 ronssoirs per day. A IIoh mg the 

first, in eonsiilcration of his *tni, 0 2 0 

And paying die assistantHattJiensoalnite (rit, 2 annascacli), 0 4 o 

Welia'c ... 0 C C 

for the co«t of mating 70, or s.ar JO annas per 100. 

Again, one iufiee mater, Assisted by (i\o coolies, will prepare a 
I'Dtlce containing 700 sonwirs in a dsT. Allowing the bnUcc maker 
lor his work, and fora ntching ibe bnttcc doriog the night, ••• 0 5 0 


Tt»«p wm ifcr prkn Jo J?5J. 
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Pajing tlic assistants nt tlie uwal rale of two annas each, ... 0 4 0 

And allowing one cart and a coolie, 8 annas per daj for two 
dajs for collecting litter, 10 0 

We hare ... 1 9 0 

for the cost of burning 700, or say 4 annas per 100. Adding this to the cost of 
making, we have 14 annas for the cost of making and burning 100 Toussoirs. 

61. Flooring-tiles are made like large flat-lricks from 1 to 2 inches 
thick, and generally 12 inches square. When laid carefully in cement they 
make an excellent floor, more economical and durable than the ordinary 
terrace trork, especially in a barrack. They should be more carefully made 
than common bricks, ns they hare to st.and the wear and tear of feet. 

62. Colored tiles of various palicms have lately been much employ- 
ed for flooTs in<England, and it is astonishing that scarcely an attempt 
has been made to introduce them into India, where they would make nn 
excellent, cool, and clean floor, for public or private buildings. Excellent 
glazed tiles are made at Mooltan and Peshawnr, in blue and white ; and 
hexagonal tiles of these two colors look very well when laid down alter- 
nately. The glaze used is made from borax. The coloring matter ie 
cobalt (lajicurd ), for the Blue color , Green Is also produced from copper 5 
and Yellow by employing lead. Patterns cut in relief in wood can bft 
ehamped in the tile when soft, and the hollows filled in with the coloring 
matter. In a somewhat similar manner the encaustic tiles used in Eng- 
land arc produced, and there seems no reason that they should not be made 
in this country, cither with or without a glaze. 

The best known encaustic tiles of England, are Uiosc made under patent 
by I^Iessrs Minton and Co , who have overcome the difficulty of getting 
clays of diOcrent colors to amalgamate in such a way as to shrink equally 
during the processes of drying and firing. Minton’s tiles are yearly be- 
coming more appreciated, both on score of durability and ornament. IIis 
colored “tessera” for Slosaic pavements arc beginning now to be u»ed 
in India, and some of the Bombay public buildings are floored with this 
material. 

To attempt the best kinds of ornamental glazed tiles would be ont of 
place in the present state of such knowledge in India, but there seems no 
reason, why a fair description of tile, with pattern, but onglazed, might 
not be produced. 
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Such tiles arc made in England simplj enough. 

A tile is made of say, good red day, with a portion of glass and crockery, 
and a pattern stamped into it to a depth of aboat a /quarter of an Jneb. 

Then lay on tho stamped sqrfaco a coat of the following mi.tture with a 
bnjsh— 

1 of clay ) 

2 of ^ounit Olnt or glass, > mised with wafer, 

i of dry white lead, ) 

This will prevent the diflerent colors from running info each other, 

JTow, the several parts of the pnttem may be filled in with clays pre- 
pared and colored as may he reqnircd, and when properly finished in this 
\70j, the tflc is dried and burned. 

Tho stamp for such a pattern is made from plaster of Paris. 

The general rules as to making and burning as given before for 
** Colored bricks ” are applicable also to colored tiles (v. poyejt 79 and SO). 

Under the head of flooring tile?, may be mentioned an cxccl/ent kind of 
flooring brick in use for stores and such places ; ond which appears to ho 
remarkably well suited for barrack floors, and similar purposes in India. 
It is made from ground clinkers, vitrified bricks, and such materials, mixed 
with a portion of good cement. 

The clinkers, &c.> are ground to a rough state only, and when well mixed 
with tho cement, the material is moaldod and left to set, not burned.* 

63. Drain tiles belong to tho coarsest class of earthenware. Dicy 
are of various shapes, and arc m.ado in various ways. Some are moulded 
flat and aftertrards bent round a trooJen core to the proper shape. Others 
ore made at once of a curved form, by forcing the clay through the inonld 
by mechanical means. Tile-making ranchmes ore now almost universally 
superseding manual Jaborin this manufacture, and many machines of vari- 
ous degrees of merit have been patented during the lost few years. 

If intended to carry off sewage, it is essential that they should be gla 2 ed, 
£0 as to prevent their absorbing the foul matter. 

The simplest form of glazing is that used for the common “ Delft ware ” 
of Holland. In tho Dutch inoDufactorics whenever any of tho tiles arc 
to he glazed, they are vamislicd after they aro baked ; the glaze being 
pul on, they arc put in a potter’s oven till the composition begins to run. 
The glaze is generally mode from what are called lead ashes, being lead 

* Srlcai or (tils iXu'i ore very and twavr.uO wear rcauukoLtjT'wtUi.srcf bearylralCc. 
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mcltfNl and »tirrrd with a Indie lill U is ndaccd to adi or ilro«s, wlikli is 
tlicn rifted, and llic rcfii'e ground on a atone, and rc-nifted. TIiU is 
mixed with I'oiinJcd calcined flint*. A glaze of manganese is also sonie- 
limra cmiilojcl, «liicli gives a tniol.e broirn color. Ollier colored glazes 
arc ii‘ed, in romcsrliat tlic fame manner as described on pages 79 and 80 
in regard to colored briel.s. Iron filings produce llaek, copper slag, 
green; fnisll, bine. Tlie tile being tvcltcd tbe composition is laid on 
from a sicrc. 

C4. Irrigation Pipca.—Intbc Upper Prorinees, great improvements 
have l>ecn lately rfr<.cted in the mannracttirc of eartlicn-warc pipes, wliich 
ate now extcn«ivcly H«cd as irrigation ooltets (colalas) on l!ic canals, in 
place of the old arooden tubes ; an 1 tbe following account of tlicir mann* 
nctnre, near Allygurli, tiy Captain JcfTieyn, II. C., will be found interesting 
and u«cfiil. Tlie tiles so turned out arc strong, dur.able and economical, 
and almost, if not quite, iniporaious to moisture. If glazed they would 
answer admirably for fcwage or «lr*in«ge purposes. 

^urthtniran pipe maw/aclure at iVmiou, m t/ie /IffyjurA 2)hi/ion, 
Ganje! Oinaf. — Tlie moulding macbme consists of a strong wooden vertical 
cylinder, 5 feet C inebes in length by 20 inches m dinmeter, supported on 
beams firmly cmiMjdJcd in masonry. If is constructed of well seasoned 
8ce«um, 0 inches in tliicknc<s, secured ou the outside witli four iron bands, 
^♦incli in thickness. In lliocyliiidcrisapiston worked by a wooden screw, 
8 inches in diameter, and at the lower cud ts inserted a dod or dio of Iho 
following shape. 

The clay, after being previously prepared and worked up to the required 
coDsbtency, is thrown into the cylia- 
der, and pressed out of the dod by 
the action of the screw. The clay 
as it escapes is evidently moulded 
into tbe form of a pipe. 

Below the die is a moveable plat- 
form balanced by means of weights 
attached to ropes running over pul- 
leys, and arranged in such a manner that the resistance oiTcred should 
just be overcome by the descending clay. "When the necessary length of 
pipe is attained, the action of the screw is stopped ; the pipe is cut off 
with a piece of thin wire, and removed to the drying sheds. Being 
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relieved from lljo prcsstiro of Hie cloj-, the jjatform exceeds to Us for- 
mer position, nnd the operation is repeated. Tlie cylinder full of clay 
contains tirclro S-iiicli pipes. In this manner 250 to SOO can ho taken 
out in one daj. 

Tlie pipes arc then kept fiom four to five daj-s under sheds to dry; if 
exposed to the siia or nind, they craefc or /osc their shape. 

Appended is a skcteii of the fiimace used for burning the pipes. It has 
six arched fines racliatiog from oiio centre, cneJosod under a conViJ 
sliaped dome, 18 feet in dwmetcr; it is supplied with four air Iiolos at 
top and six fire lioles below, as well as two doors. The pipes are stacked 
in nn upright position as closely as they will lie, one course above another, 
and .ss the body of the tiln is filled, the doorways arc built up with 
Ifiiclia or refuse bricks. 

From continued experiments made at Nanou, it was found tliat it requir- 
ed Sn to 48 hours to bum the pipes thoronglily, TJic tiles arc gradual)/ 
brought up to a red heal and maintainoil so for 32 hours ; after which tlio 
Iciln is raised to the greatest heat possible, that h, until the flame and the 
pipM arc of the same color and (his is kept up for 24 hours. The kilu is 
then allowed gradually to cool, (he admission of cold air being carefully 
gmanled against. In the N. W. rrovluccs tho fuel best adapted ond most 
easily procurable la dry babool wood ; but wJicro coal can bo obtained at 
a moderalc cost, it would no doubt be preferable. 

Groat care should be taken in (he preparation of tho clay, as nny parti- 
cics of stone or kunkur left in the clay, are liable to stick in tho die and 
score the sur/aco of tho pipe. Hie most cHicicnt and least cxpcnslro 
jiiothod of remosing all foreign particles and rendering the clay fit fur U'-o 
a the Vltinglng process. It was found most i!ncces''ful, and ga> o a fineness 
of texture to the ware sOu'cIi is quite unnttainniile by pugging or nny otber 
iQclUod. Two sots of masonry tanks, one raised - feet above the o(hcr» 



were constructed, the upper communjcating with the lower by me.sns 
of pipes built into the masonry, 2 inches nborc the fiooriag of tho 
former. 
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nnd liy u«ing firc-clny cement of ordinarj* clay, tlioro rill be little 

fear of Uic arches g’uuig way,at the greatest heat to whicli the furnace wUl 
he subjected. 

Tiie tiles rerc Tn-adewithont sockets, as jt rras fnnntl they rcro not nc- 
timlly reqnired, the joints being rendered perfectly rater-fight hr cnihed- 
iling tliem in lime. Sockets ejin he moulded on tho tiles by hand, before 
they arc completely dried, mid roiild prore of use in keeping the pijies in 
their reepeclive places and prcrcuting them from slipping, hftt in any ca«c 
the lime iimst chiefly he depended on for n perfectly natcr-tight joint. 

Thi* gre.at superiority of (ho pipes niftmifacfiired nt X.nnon orer fho«o 
tnnied out of onliihiry tile moking tnachitics, consists in the pressure to 
rliidi the clay is snbjccleil diinng the proee««. ^Vlicn ii'-ing firm clay (not 
over moist), it r.as found (hat the pMon descended one*thIrd of the depth 
of the cjhudeT In'foro any clay escaped from the die, shoring that theclay 
sras comprcs'od into ttro*thirds of its onlinary density. The milled c.xer- 
(ions of y men were rcfjnired (o force the clay out of the die, producing a 
pressure on the clay of nearly 10 tons. 
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LISIES,CEJIENTS, MORTARS, CONCRETES AND PLASTERS. 

65. All calcareous cements have lime (oxide of calcinm) as their basis 
mixed with various other materials in diiTercnt proportions. Lime is most 
usually found combined cither with carbonic acid, in which state it forms 
a considerable portion of the earth’s crust; or with sulphuric acid, when it 
is called gypsum. The cement formed of gypsnm, termed Plaster of Paris, 
has hitherto been seldom used in architecture, except for ornamental pur- 
poses, protected from the weather. 

Carbonate of lime is found cither pnre, that is, consisting of 43C parts 
carbonic acid to 6G4 of lime; or, mixed with alnmino, silica, magnesia, 
oxide of iron, &c., in varying proportions. White chalk* and Carrara 
marble are specimens of the purest carbonate of lime ; lias lime, kunkur, 
and many other limestones may be cited as specimens of the impure car- 
bonate. 

66« If a piece of carbonate of lime be calcined, the carbonic acid will 
ho driven off in the process, and the cohesion of its particles will bo so 
ninch lessened, that granular limestone, if very pure, will fall to powder in 
the kiln wherein it is burnt. Tlio lime after calcination becomes quite 
white or light brown, whatever was its former color. In this state it has 
lost its afEnity for carbonic acid, and is termed caustic or quid. lime. 

Quick lime, on being mixed freely with its equivalent of water, | slaLes, 
that is, throws out great beat, swells, and assumes tlie form of a fine white 
powder. This is hydrate of time, in which state the nfTmity for carbonic 
acid is restored ; but though at first it quukly absorbs carbonic acid from 
the air, the process gradually becomes slower, and it has never been found 
to have recovered its full equivalent. Lime, in recombining with carbonic 
acid, parts with the water it combined with in forming a hydrate. 

To form a cement with hydrate of lime, it must be mixed with snf- 

* xn the colored chelh*. Urmed gnj cbtlks, vUch «re the lover chUhi of the ctoVrlit, pewm 
more or lev, bjdreulie rrorertlc*. 

t rif of v»tcr UtheoffloDJilofweUTwliIfh.M mlrtsre, the toe vTl taheleto la. 

timate combination with luclf. S fSportac^Hmecombloe In lhJ» war with 1 lUof water, wth-h. 
thoeforr, li Iho totnlmcm cjcantltj t«}0lnd for alalln^ 
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ficient wat«r to form a paste of the coasisteacy required. After haring 
been applied as a cement in this plastic form, in order that it may stt or 
recover Its original hardness when in the form of a cathonate, it ironld 
seem necessary only to subjecl it to pressure, and in some cases give to 
it access to the carbonic acid of the air. 

67. Lime is besides usually mixed tvith sand, gravel, or some such 
extraneous matter previous to use ; and their mixture, irhen formed into a 
paste vrith vrater, is termed mortar. 

The distinction betireen the mortars made of pnre, and those made of 
impure carbonates of lime, consists in Ibis, that the former have in them- 
selves no property which can produce setting without the presence of car- 
honicacidj that is, practically, mtboot exposure to the air. Mortarsmade 
from impure carbonates, on the other hand, contain within themselves to a 
greater or less degree this property of solidifyiog withont the assistance 
of the atmosphere. From this properly, which enables them to harden 
under water, they are called ^'htfdrautic limes'' or hydraulic cements*’ 

As pure lime mortar must combine with carbonic acid, that it may 
harden or set, and as, in this combioatlon, it must part with tbo water 
contained in it, it follows that hydrate of pure lime in a slate of paste, if 
kept moist, will rcniam for an indefioite period without absorption of car- 
bonic acid, whilst if exposed to the dry air without pressure, the small 
quantity of carbonic acid gas is gradually absorbed from the atmosphere ; 
but the lime ossames tbo form of powdered chalk or marble, which Is 
wholly useless as a ccracnt, no longer forming paste with water. It 
follows, therefore, firstj—Tbatpnre Hme mortar is badly adapted for ce- 
menting thin walls aboveground, where tbo action of tbo air will dry 
It, and reduce it to a powder before a SDlficient pressure can be brought 
to bear on it; and, secondly; — That it is ottcrly unadapted for situations 
like the foundations of a building, or the heart of any heavy masonry, 
where it is protected from the action of (ho carbonic arid gas from the 
atmosphere, and is frequently exposed to damp, bo that no solidification 
can ensue. 

It is evident, tlien, that for all buildings haring any pretensions to 
importance, it is advisable to use mortar made from hydraulic lime, and 
where this is not to bo found in n natural state, to try to produce it arti- 
ficially by mixing with the carbonate of lime the ingredient# which are 
wanting to give it hydraulic properties. 
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C8. The mode of occnmnco in nalare of calcarcons substances, as of 
any olbcr minerals, is only intelligihlo throngli Ihc principles of Geology ; 
for which the student Is referret! elsewhere. A few guiding remarks aro 
all that it will be necessary to gtre here. 

The Tariclies of limestone that arc perhaps, most used in India for 
building purposes, are calcareous tufa, limestone boulders, and Lvnhir. 
Tufa ii formed by tlie solution of limestone by carbonated waters and its 
deposition by craporalion at the surfaee. For this process, o surface, 
more or less decidedly undulating, is Implied. ^Vhencrer this condition 
is met with, together with the presence of a calcarcons rock (itself in most 
cases unserriceable as a source of lime), tufa may bo conGdcntly sought 
for. These conditions exist in most hilly districts ; for it is the exception 
when any extensiro mass of rocks is entirely devoid of calcsrcons matter 
in some shape; and this becomes collected and concentrated in the man* 
ncr described. Lime thus obtained is cxlensivcly used in the districts 
bordering the hilts on the north and sooth of the Oangetie plains. Tufa 
being essentially a local deposit, its extent roust bo carefully estimated be* 
fore much reliance can be placed on U. Tliis stone is admirably adapted 
for native use; from Ua porous texluro U is easily broken, and easily 
burned, and it yields its full proportion of pure white lime, the qualities 
of which, when moderate care has been used, can be depended upon. 

Most of the loneats from the Scwalika and outer Himalayan ranges 
yield an annual crop of limcsUmo boulders, which aro extensively used for 
lime, as they rcqture no quarrying. Tbo chief objection to limo from such 
a source, is its uncertain quality if nicety be required. This difficulty was 
experienced atHoorkco in an attempt made by the late Captain E. Fraser, 
R.E., to make a quick setting cement for rapid repairs in the Ganges Canal 
VTorks. Some of the samples of the lime with which it was proposed to 
operate (a boulder limo from the Scwaliks) exhibited to analysis a differ- 
cnco of composition of as much as twenty per cent. The reason is evident. 
In a small basketful of the pebbles, ono may find a dozen different vario* 
ties of stone from as many diSerent beds of the anciently denuded rocks of 
tbo Himalayas. 

Kunhir U a variety of limestone extensively used for lime, and most 
abundantly found in the great pWns of India. Colonel Sir'P, T. Cantley, 
has noticed the frequent occurrence of kunkur deposits in the vicinity of 
jheels, or where jhccls may formerly have existed ; and it has also been fre- 
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ftjuJ dccanlcJ flaid art noir miscJ, anJ ar.imcrih addc-J cciil the 
fohtion smells of it ;^3n<) then solntion of phosihalc of sodiam ; the wliole 
is then well stiirod. If the stirrinir is kept np for 15 or ilO mmnto*, 
the whole of llie magnesia will be thrown down as magncsiccianJam- 
moniem phosphate, which maj be at oneecolleelcd on a filter and washed 
with cold water, haring aboot -jV of solction of ammonia added. 

9. The insolnhle residue obtained hr process in para. ■*, is now, har- 
ing been dried, incinerated .along with the filter and weighed; a certain 
smonnt is dedneted for filter ash; this aroonntis ascertamedhpincinerat- 
ing 10 filters, and dirjding the ash obtained br 30. The weight of the 
residco is now caJcalatcd as a percentage resalt, and entered in the analp- 
ris as residne insolnblo in hydrochloric acid or simply siliecons rcsidae. It 
contains any sand, clay, and organic matter which may li-e in the sample. 

10. In the case of a hydrsnlic limestone, the clay in this in.solable n?- 
sidoe onght to be estimated: fortbisporposc, it sboaid be thrown little by 
little into a boiling solation of carbonate of soda (best boiled in a silrer 
ressel). The pare silica or sand will be tbes dissoked, and-the clay left 
iasolnVlej it is only need fal to ascertain the weight of the latter after 
Iboroogh washing, drying and iacioeralion. 

31. The precipitate of oxide of iron and alnmina ohlainod in parx 
5, is now incinerated and weighed, and (after dedoction for filterash) cal- 
culated os a percentage, and entered in the analysis as oxide of iron, and 
alcmina dissolred ly hydrochloric add. 

32, Tlie precipitate of mrgncfia and .immoniom phosphate obtained by 
parx 8, is al«o dried, incinerated and wciched, and the amoent acltlplied 
by 2, ai only half the filtrate was n»od, fit fhonlj be well dried before 
incincnition,! filter ash being dedneied, Cvery 222 parts of the snh- 
ftance wiighed contains €0 of inagncf;a, its compo<Uion being the magne- 
ficin pyrciphoThalc Mg, P, O,. 

IS. jCftin7i!>c-n o/ Carhimr aciJ. In the case of a limestone, it is not 
rec-dfnl to estimate the carlf.nic acid, as all the lirac, and all the mag- 
nc'ia obtained in the anslr<;c niay be rtlcnlafcd as e-irbon-ites and catered 
in iheanalrsis as sneh. Krery .Ifi of lime, and crery dOcf magnesia re- 
qctrecachdd cl CAthaTileacid. TnihecaPcoS amortar, the carl-oaic acid 
mnst be determined r.s part of the hmc «i«ts ae hydrate and part as car- 
bonate. Ab-cnt 0 graromrs of the finely f«cwn<3ed mortar are pel in a 
fmall f fitted with a chloride of calcinra Iche, and a rcry small lest 
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tol^c: indicUUcr is putfomc etronj; Iijilroclilorlc acid. The mortar at 
l>ot(om of is corerrd with distilled water, the small test tube full of 
acid is lowered in by means of « piece of fine plolinum wire, so as to re- 
main upright, and allow no part of iU contents to bo spilled. The chloride 
of calciam tube fitted to a cork with a small draught tube, is then adjusted 
to thft month of the flask, and the whole is weighed. Then the flask is 
inclined so as to spill the hydrochloric acid among the water and mortar 
(the acid should only be spilled orer gradually j) a brisk cffcrTCsccncc en- 
sues from the escape of the carbonic acid; when all the acid has been spilled 
orcr, and cffcrpesccnce has qait«cea«cd, a gentle draught of air is drawn 
through the apparatus by the mouth ; the apparatus being now weighed, it 
will weigh le«s ; the lo<s shows the amount of carbonic acid. 

71. Tlie ftdlowing is giren, by Sir C. Pasley, as a simple practical 
mode of testing a stone $uppo«cd to contain hfjdraMlic lime or cement 
Tlio stone ought to be bluish gray, brown, or of some darkish color, as white 
indicates pnre limestone or gypsum. On being touched by the tongue, 
the presence of clay ought to be quite perceptible to the taste. It should 
also bo detected by its smell after wetting. It should only partially dis- 
tolTC in dilated acid,* leading a mote copious sediment than pure Umc- 
stone. This may bo considered the first chemical test. Should this 
test be satisfactory, break the stone into fragments not exceeding one 
and a half inches thick, and put a few of these into an ordinary fire-place, 
(first heating them gradually, that they may not break into too many small 
pieces), and keep them to n full red heat for about three hours. Take out 
one of the fragments, and put it into a gloss of diluted hydrochloric acid. 
Bliould the stone be just sufficiently calcined, no efTerreBCcnce will take 
place, and its original color will remain unchanged; any cfferresccncc sliow- 
' ing that the stone is not sufBcicntlj burned. On the other hand, should 
the stone be OTeibumcd, on taking it out of the fire, it will be of a darker 
color than before. Having obtained a piece properly calcined, pound it 
to an impalpable powder ; Icing tery carefal not to allow any grittiness to 
remain- Jlix this powder with a moderate quantity of water, by means 
of a spatula or strong knife, on a slate or slab, and knead it into a ball 
between the hands. It will soon become warm; and, if it bo a good 
hydraulic cement, it will not only harden in the heating, but, if put into 

• Tljdrocliloric »cid Is thet«t. In lU •ttcace nitric acid, or cvrotlntgiir, nisj be used, i-corJ. 
Ing to M. Ccrthlcr. 
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n basin oX^water, it will continue hard, and go on hardening. It is better 
not to put it into water, until it shell here begun to cool a little. 

The proper proportion of water is between one-fourth end one-half; tbo 
addition of a larger quantity making a rcry thin paste, which* will taho 
much longer to set, although ultimatel/ tho alow setting ball will become 
as hard ns tbo others. A great excess of water will, bowerer, destroy tho 
cement. The balls should bo allowed to remain in a basin of water for a 
long time, talcing ono of them out at interrals of ten days for a month or 
two, and noting the hardness of their interiors. As a satorated solution 
of lime-water would be rery soon formed in the basin, the water should 
be changed daily, in order to ascertain the full value of the cement. 

73. Limes Classified. Por practical parposcs, Vicat'a division of 
limes, which, although not absolutely, is still approximately, correct, may 
be well adopted, as follows; — 

3sA— Fat, or common lime, which gains no consistency' under water, 
remaining in a state of paste In water unchanged, but dissolving wholly in 
pure water frequently changed. 

2nd.— Poor lime, which is a combination of lime and sand,* the limo 
in which exhibits the same phenomena, as if no sand wero present. 

Srd,— Slightly hydraulic limes, obtained from limestone contnimngeight 
to twelve per cent, in all, of silica, alumina, magnesia, iron, and manganese. 
Tlicse set in about twenty days after immersion, but in a year have not 
gained a consistency greater than bard so.np. They dissolve in pure water, 
but very slowly. 

4//i.— Hydraulic limes, from limestones containing from twelve to twenty 
percent, of the.->bove-mentionc<l ingredients; these set in from six to eight 
days, and in six months acqmrc the hardness of soft stone. 

6M.— Eminently hydraulic limes, from limestones containing twenty to 
thirty per cent, of the same ingredients; they set in from two to four days, 
and have attained great hardness in a single month. In six months they 
resemble the absorbent calcareous stones which bear cutting. They splin- 
ter under a blow, and present a slaty fracture. 

ah . — Hydraulic cements, from stones containing thirty to fifty per 
cent, of argil ; these set in a few minutes, and attain the hardness of stone 
in the first month. 

• Altlsough fwiJ Uc8«nUaUy ««uic%'’sUUeillc*£ft IUj tjem con/eraiio irerauHc rropcrtfei' 
Ta Us eo, il taast to la close conblaaUoa wiUt olimliia. 
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73. Hydiiaouc Cemcsts.— Tbe term H^'drsulic Cement JsgeneraJlj 
used in distinction to Hydraulic Itme. The former, containing a large 
proportion of silica and alumina, and a smaller proportion of carbonate 
of lime than the latter, does not slake, and sets generally in a ferr minutes 
even under water. Hydraulic limes on the other hand, slake thoroughly 
and harden slowly under water. Some limestones exist which, when com' 
pletely calcined, yield hydraulic lime ; but when imperfectly calcined, yield 
cement. Other limestones, such as chalk, when imperfectly calcined, or 
too much calcined, yield fairly hydraulic limes ; while, if they be calcined 
merely up to the point where all the carbonic acid is driven ofi, and no fur- 
ther, they yield a lime which never solidifies under water. Other lime- 
stones yield on calcination a result which can neither be termed lime nor 
cement, owing to its slaking very imperfectly, and not retaining thp hard- 
ness which it quickly takes when first placed under water. 

74. Smian Cement. The natural hydraulic cement, best known in 
England, is that which is termed “Roman,” or, “Parker's Cement.” The 
atone is fonnd in the form of nodules in the island of Sheppey and else- 
where In the London clay. The composition of these nodules is almost 
the same as that of the Boulogne pebbles, from which a similar cement is 
made. Before being baral, the atone is of o fine close grain, of n rather 
pasty appearance ; the surfaces of fractures being greasy to the touch. It 
sticks easily to the tongue; its dost, when scraped with the point of a 
knife, is o grayish white. During the calcination, the stone loses about 
one-third of its weight, and the color becomes of a brown tinge, dif- 
fering with the stones from which the cement is made. It becomes soft 
to the touch, and leaves upon the fingers a veiy fine dust; it sticks very 
decidedly to the tongue. When t.nken out of the kiln, it absorbs water 
with much difficulty. It is usually burnt in conical Ivilns, to an extent 
sufficient to drive off the carbonic acid, and it is then pulverized by the 
manufacturer ; and sold in well closed casks. In Russia, America, India, 
and elsewhere, Eimilar natural cements hare been met with ;* but, as they 
are comparatively rare and expensive, much attention has been bestowed 
on finding or inventing a substitute for them. 

75. Poiley's Gmenl. Ticat was the first to point out tbe raetbod of 
forming an artificial hydraulic cement by the mixture of lime and nnlurnt 

• Catlwnite of magnegla alone has been fornid to jUM, Wi ralclTiitlw, on tacellcnt liyilraulic 
cemeot. UTiea mIxcJ witb one nniJ a hall limra lt» Imlk of sanJ, ft date* ft UanCtful tftrJ 
ot ttUCM- 
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cUy ; anil General Pasley aftenranls, in a most elaborate series of experi- 
ment«, proved that a liyJranlic eement miglit be formed equal to llic best 
obtained from natural sources. General Paslcy’s cxpcrimcrits rverc inado 
principally rrith clialk lime, and tbe blue alluvial clay of the river Jlcdway, 
near Chalham. Tlift result be Arrive*! at was, that n mixture of 4 parts by 
weight of pure chalk perfectly dry, with 5'5 parts,aUoly weight, of allu- 
vial clay, fresh from the Medway, or of 10 parts of the former with IJIJ 
of the latter, would produce the strongest orlificial cement that could bo 
made by any combination of these two ingredients. The weight of the 
bloc clay be found to bo ninety pounds, and of the dry chalk powder forty 
pounds, per cnbic foot. 

Ills method of proceeding was as follows : — TIio clay was weighed 
when fresh from tlio river (taken from about eighteen inches below Iho 
surface), and was never dug unless required at once ; »t being found that 
even twenty four hours exposure to ibo atmosphere injured it. The chalk 
was not weighed until well dried and pounded, owing to its extraordinary 
Mtentiveness of moisture. The chalk was then mixed with water into a 
thick paste. Tlie chalk and clay were then each separately divided into 
portions or lumps as nearly as possible equal, and put alternately into a 
pug-mill of the ordinary description, where they were most thoroughly and 
intimately mixed. The raw cement thus formed was then made up into 
halls of about two and a half inches in diameter, and placed in the kiln 
alternately with about equal layers of fuel— o layer of fuel always being 
at the top and bottom. The fuel used was coke, in preference to coal ; and, 
in the small furnace or kiln used by Sir C. Paslcy, three hours was found 
to be about the average time required for burning the cement. As the 
calcined cement was drawn from the bottom of the kiln, fresh cement could 
be put in at the top. Tlio balls, on being raked out, could be tested by 
applying to them diluted hydrochloric acid. If sufBciently burned, no 
cflerrescencc ensued ; but if they effervesced, they were put into the top of 
the kiln again to be lebumt. C^^eepara. 71^. The calcined cement balls, 
since they would not slake like ordinary lime, were then ground to impal- 
pablc powder,* and stored for use, so that they should not be exposed to 
the atmosphere. The average ont-tnrn was about nine and a half measures 
of calcined, out of ten measures of raw, cement 

* Tbs method ceuaU; kdoptedln iintrttivfur eilSHllnc hjdnnlic cement Ij Oret tobreek tbebamt 
rtoneeinto im&U frsgmenti, cHb-r utulp, iiiMtajilivhKorinmllU tuiubl; formed (or thisporroee, 
and then to eriod the fraemcni* n | Kit u( rlwiw*, br to cnib them under an Iron roller. 
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'WhcrQ on)f haril Vimaloac it to Iw? Gcirontl Passey sng’jjcsf*! 

that inctcfld of grinilm^ it, which woahl he often n dinicuU and cxjieiwrc 
operation, it is bettor to bnm the limcstotic and slake it before mixing it 
with the clay. 

Tlic aborc proportions formed lUo lai artificial cements ; Itil he has 
also recorded as fullows : — “ After due investigation, wo fonml that 
any given weight of well burned chalk lime, and conscfjncntly of any 
other pure quick lisnc, fresh from the kilns, comhhicd with ticke its own 
weight of hJno clay, fresh froat tho rircr^ nill form an cxccIMit water 
cement;* observing, however, that the quick-lime, after being weighed, 
must he slaked with excess of water into a tbinnidi paste, and allowed to 
remain in that slate about twenty-four hours before it is mixed with the 
clay. 

76, Poilland Cment.-^Tha best known of all English artificial ce- 
ment'*, Portland cement, is fonned fromdhc ingredients used by Sir C. 
Pasloy, bnt with ditTcrcnt proportions ; eight or nine parts of chalk (con- 
taining about per cent, of clay) being mixed with two parts of mnd 
(containing about 70 per cent, of alumina to 00 per cent, of silica). It 
takes its name from Us likeness in color to Portland stone, bnt is In no 
way connected nith it. Titc ingrcdicalu arc chalk and the mud of Iho 
river Medway, in the neighbourhood of wl>ich it is chiefly manufactured. 
Tho Jiigrcdicnts are passed through a crashing mill and carried off by 
water into largo shallow vats (CO* X dO' x S'). The sediment that is 
deposited is dried in an oren, and burned in a kiln with alternate layers of 
coke, at a very liigli tcmpcraluro; until U is in a state of incipient vitrifac- 
tlon. This cxccssiro burning is the distinctive feature of its manufacture. 
It is now ernshed between two iron wheels, ground, and carefully packed 
in Ihrcc-boslicl casks. Tlto gronnd cement should be spread ont, and 
allowed to cool for some daja on « dry floor before it »•» packed, as ibis 
“air slaking " (perhaps by killing any particles of pure lime which remain 
in an active state) U moft bencficral to it. IVhen thi? i* not done the 
danger of the n*e of this cviuvnl is, that it is apt to swell In the joints of 
lUft'Diuy after being applied; but it is adniiraMy adspleil for buildings 
tijrft-cd to the acli'jn of water, and for etfcmal pfastcring, as ft fctif i<ry 
fj*l end attains great hardness, and does not allow nf the fonnatiou of 

• TI-rM vT"^.-n.. -*17 rmSf to ■ e-litnr# I Vr l.» 

Si vi l;.» I '»7 uCt.-l I ll*" < S )[*'9 1I/7 y'i, 
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vcgctalion, as the natural cements do. Portland cement docs not set so 
quickly as Roman cement, and if used nnder sratcr must be at first pro- 
tected from currents, natural or artificial : but it sets harder under ettll 
Tratcr than it docs in air, and stands the action of any current after 
liaTing been allowed two days to set. If kept dry in casks it rather im- 
proves by age, whereas Roman cement loses strength considerably. It 
has three times the strength of Roman cement, and will safely hear an 
admixtuTo of 3 to 4 equal volumes of clean sharp sand. Salt water is 
as good for mixing with it as .fresh. Portland cement of the very first 
quality could he delivered at Delhi from London at Rs. 23 per 400 lbs. 
cask, or at Rs. 5-2-0 per cubic foot of cement. 

77. Various other cements have been invented, among which the 
Jlcdina cement, made from the Hampshire septaria, and Atkinson’s ce- 
ment, made from the lias limestone, are well known in England. 

78. ScoU'a C«n«nt.— Within the last few years, a very remarkable 
cement has been invented by Colonel H. D. Y. Scott, Royal Engineers. 
The process U as follows ;* Tlio limestone is first burned to quick-limo 
in the ordinary way; it Ts then placed in a layer of about to 2 feet 
over the perforated arches of an oven, and brooght to a dull glow. Tim 
firo is then raked out, every orifice closed, and two pots containing coarse 
unpurified sulphur arc pushed in on the fire ban, and ignited so as to dist- 
Tibutc pretty equally the fumes of the sulphur; the allowance being fif- 
teen pounds of sulphur to one cubic yard of hmc. 'When it is all con- 
sumed, the oven may be opened, and the cement taken out when cool. 
The fire is applied for about four hours, and the whole process takes one 
day. It is tlicn ground and sifted through a sieve of thirty meshes to an 
inch, and spread out on a floor for a day before packing. If the cement 
be prepared from a pure or feebly hydraulic lime, puzzuolana must be 
mixed with it, to enable it, to resist the immediate action of water; one 
part, or rather more, of puzzuolana being added to two parts of cement. 
^Vlicn used for plaster, it is mixed with an equal measure of ground chalk. 

79. Captain Smith, in Ids edition of “Vicat on Mortars end Ce- 
ments,” observes that the expense and difficulty attending the grinding 
of hydraulic cement, which is such an o«':cntisl element of its snofe<s, 
iiui«t very much preclude it from u<e m situations where this mechanical 
agency not readily to be met with; and that, consequently, its use i** 
St* n.£. rTcfmicr«l r*i<i?,Nnr series VcL X. 
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better adapted for the ticinilies of great towns, where the builder may 
obtain it ready groiind from the manofactnrer, or, at least, where he is 
not destitute of machinery and dependent on unskilled labor. Adcnittiog 
the truth of this argument, instances may frequently happen where it is 
worth almost any money to procure a fast setting cement. As in a ease 
which very often occurs in the great irrigation works of India, where 
some repairs have to be made in a canal fall, or in a revetment exposed 
to the full force of the stream, and where it ts most prejudicial to the 
irrigation to close the canal for more than a week or two. 

80. Colonel H. A. Brownlow, R.E., when in charge of the Eastern 
Jnmna Canal, in a case of this sort, made a most excellent cement from 
the stone lime and brown allarial clay procured near the hCvod of his 
canal, following the dircctwns given in para. 75, and it very well repaid 
the trouble and expense laid out on it. 

81. Hydraulic cement has also been made with considerable sncccss 
in Madras and at Singapore. Lient. Motgao, on the Easters Coast Canal, 
bU Qules north of Madras, made a cement of 7 measures of shell lime to 
5 measures of clay, following closely Pasley’s rules for mixing and burn- 
ing it. If applied under water, this cement hardened in hours; if 
applied dry and water let on it in half an hour, it hardened in 8 or 10 
hours. The same cement mi.xcd with an equal quantity of soorkce hard- 
ened in 48 hours under wafer, or in J2 to 24 hours if allowed half an hour 
before the water was let on it. 

The cost of this cement was not more than 4 annas per “parah”of 
4,000 cubic inches. 

Captain Jlan, at Singapore, found he could make a similar hydraulic 
cement, of excellent quah'ty, nsing 5 measures of slated iime to S of fresh 
blue clay,* 

82 ‘The following rules for the manufacture of HydranHc Cements 
in India arc those recommended by Cofoucf iJ, A. Brownlow, JI.E., Chief 
Engineer for Irrigation in the K. TV. P. 

The pure rich lime of the Tower Himalayan ranges would ho the best siibstitnlefi'r 
iIialL Practic-lfM-, it is chalk with the carbonic and dmen ufT, ami br its n^ewe 
sbfiild sa\c Biiich ttcar and tear logrimliDgaml miMiig it «uhthc cliy The harder 
luue-sloucs would require stooe-crushm and i!\tnmOv hard luili-stoiics to pulieriso 
tlicnu 

• Reports of tbc Juries of tfcc Madras RzUbiUoa of 18S7, papj I7r. 



COyci’.ETCS AS’t> TLAbTEnS 121 

The clay ihonlil, if j'ossible, cootain oxides ot iron, in nny proportion np to 15 
per cent s but if Ibis cannot be jccurcd, any eompaet greasy clay free from sand will 
ansner our pnqH)«c, ntlbough, perhap*, not quite so well ns the other The proper* 
tion of pnre lime added can always be moditicd according to the chemical composition 
of the clay n$c<L 

The lime and the clay which it is proposal to mix mast he first thoroughly dried 
in the sen, bat the clay should be used as fresh os possible, aod any exposure of 
(t to inn and air, farther than that absolntely necessary to dry it, shonld ho care* 
fnlly nroided- 

The material must then he separately ponnded, either by hand or any simple 
machine, into pieces not larger than a pea, and the pounded materials should be 
screened so ns to cusnro the cxclnsion of coarse lamps 
The poanded materials should then be passed in certain definite proportions through 
a hopper bct'vccn a pair of ordinary (lour mill*stoncs adjusted so ns to grind them 
ns fine as flour. It will saic much wear and tear and do the work more thoroughly, 
if the tnaccriais arc passed throagh tieo |iair of atones m succession, the first pair 
adjuitcd to grind more coarsely than tlic second. 

The exaet proportions of lime and clay to be einploied will depend upon the 
chcmlcnt coostitnents of the materials used, and roost be fixed on the spot. General* 
]y speaking, there should not bo less than 40, or more than CO, per rent by weight of 
puie lime, aod from GO to 40 per cent, of clay. Haring bccu fixed, the proportions 
must be mo«t earefolly aJherol to, os any earelcssoess m this matter will of coarse 
sitiato all future opcmtioos. 

The pnlteriscd material thenlJ then be mixed in a cylindrical rat with a graduated 
scale on its tide, InMhe proportion of thirty solumes of powder to ten of loiUuy 
water, in irhieh has bien mixed ftb suIuihc of cjlcinetl soda and f Itk of freshly* 

burnt and slaked lime. 

From the vat, rcmoie the 
mixture to a basin in which a 
couple of mill-Btonc3 should 
l>c made to revolre on their 
edges round a vertical shaft 
as m the case of a steam 
mortar mill. The basin 
should be only just large 
enough for the stones to re- 
solve in, should be carefully 
and smoothly paved with 
hard stone, and shonld be 
surrounded by a run of wood 
or masonry 8 inches to 12 
inches high. The stones 
shonld be fixed at slightly unequal distances from the vertical shaft, so as not to rnii 
exactly in each other’s tracks, and at the outset I shonld think it would amply suffice 
til move them by nniiiul power as shown in sketch. They could afterwards be easily, 
connected with the water wheel that drives the mills. 
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From the edge runners, the mWtnrc should be taVen to n pug-mill, nnil, when 
thorongbl/ pugged, (being pas.«c<l through the png-niill 2 or 3 times if nece^aTy,) 
should be cut off in stnall bricks or*lan\p% not exceeding 2 inches or 2J inches In 
thickness, as it comes out of & shoot fixed at bottom of mdl. 

It may not ho amiss to remark here that too much pains cannot bo bestou'cd on tho 
thorough incorporation of the rai7 materials, and in keeping them clean and freo 
from sand and foreign logrcdients during the process. As far ns any chemical action 
is concerned, the clay remains almost Inert after the mbrtnro has attained n dull red 
heat, so that it Is most ImportABt to bring it into the closest contact with the liroo 
before the burning commences. The presence of sand tends to produce titrifattion 
daring burning, and is most pttjndicval to the cement *, clay containing more then 
^ of sand should be rejected. 

if. Lipowitz obj'ects to drying in the air, and qnotes two examples where doing 
80 was foaad to be most iryorious to the cemenL Bnt the Fnglish manufacturers 
c.xposc their raw cement freely to the air in the reservoirs, where it sometimes lies 
for a couple uf months before it is burned j and in one factory, I saw it Lting 'wliccl* 
cd direct from the drying reservoirs to the kiln«. So that, untit cNpericucc shows im 
in India that kila-dricd, is atronper than san*dried, cement, I should rccomrocod 
stacking the blocks of raw cement, as removed from the ptjg-mill, in drying hacks 
like bricks. 

TPhen i?tt>rouffMy dry, the blocks of raw cement should be burned, either io clft»r* 
with dried cow.dnng, or in a good lime kiln with tborongbly dry wood, 
charcoal, as experience on the spot may show to bo most advantageous. Tho proper 
degreo of exposoro to heat should be ascertained and earcfolly adbered to. Ibo 
higher tho heat to which it Is exposed tho greater the density of tho cement, tho 
greater also its strength and its nltimato degree of indaratlon j while the lighter 
cements have tho projicrty of scttlog more rapidly. 

TUa batnt cement should then bo pounded until it can pass through a screen with 
racabes tho size of a pco, owl finally bo ground as fine flour 
60 Chat it can pass through a Ji'a CO gauge sloe (UCOO 
meshes (on squaro inch). U should Iben bo allowed loct»l 
tljorongJily on a dry fl<Kir before packing. 

Tlie cliva|>csl pn<kiiig tor Imiia «ouM be In bags or saekx. 
Til esc Would not have am na Mijngc to tiddergo, andtiic 
fi’mcDl would, in alt (•mimbiliij, be mod tolcrnbly fre-h. 
Where it had to be sent lung distances, small barrels could 
doubtless be pnrthev.! at advantageous rates from llio iitar- 
cst commissanat depot 

A numlwr of snniplrs ^houM be made up of cements for- 
med ncconling to tbry" dir.vU'Uis. The Rinrj'h s, v> hen Imnit, 
tlinuld Iw flcwlr pttlvcnw-d, nmJ, « hen c«»>l, rIi<>ijM |.e m<mM- 
ci I into bricks of Ihctorinalmnn by the rli.sdeil of 

tnarglnsl disgrem. Tlicrr rlmiilij be at l<n«l a d<i/cn brukv 
ot each luimple, and they Ai >*itd ir allowed 1 <> m 1 t »ti!l 
watrrto'wrmdajs after they Use l.evn taken out cf the The binrrnf 

ll«e two iron clip »liov>n InUie diagram shooMthm I e boded unlil the bricks are torn 
la two, and if an) o( the famplcs prove themsclira capable of ao/'j'orijog an aicfago 
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weight of 225 to 250 Ihs. on the area 1} inch sqaare (or 2} square Inches), I think 
1VC mav safely adventure npon tlic manafactorc. I liatc been particnlar in giving 
dimensions of the sample Lrick, as I wish to adhere os exactly as possible to the form 
of test generally used in England. It would bcinstrnctire anil interesting to make 
np and treat in the same way bricks of the best “ knnknr” lime. 

The samples mentioned above shonld be caiefnlly made np in the manner 
laid down, accurately labelled, and tested. The slioRgest composition having l>ccn 
thns ascertained, steady and jicrscTering efforts at economical prodnetlon mast be 
made I am most strongly convtnccil of the good policy of beginning in the 8imple«t 
manner, consistent with economy and efGcicncy. hlist.nkes can then be easily and in* 
expensively rcctiRcd. The aito of the factory shoald, from the scry firet, be laid 
out with an 03 c to expansion of business, and economical working on n large scale. 
There shonld bo no carrying backwards and forwards, the general arrangement 
of the works being somewhat as indicated below. 


Canal 
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prarel, the ingredients slmtM be teeil mixed together in a dry state, t)cforc anr ^afcr 
is added. lu adding the vrster, only poor in cnongh to make a stiff pa«te, as Hooding 
the cement is most prcjndieial to it. The sand used should be clean and sharp» and 
when cement is nsed in brick-work the briels must be thorovyhhj saturaUil in wafer 
before vse, othertvise they will absorb the moistarc necessary for the proper setting 
of the cement. When used ander water, cement must nntil it has set, be protected 
from any correnL 

83, HroRAORic Listcs.-^HyJcaalic Limes arc of much use for all the 
ordinary conditions of building, as on the one hand where the bniMing is 
not likely to be exposed immediately to the action of water, and where its 
action is not severe ; or where on the other hand it would be improper to 
nsc pure limes, as explained before. In the use of hydraulic limes, more- 
over, there is far less danger than in the case of cements, of an unskilled 
Or careless bricklayer spoiling the work. 

Natural hydraulic limes vary much in character, containing from 8 to 00 
per cent, of clay. Indeed the larger proportion of limes comes info this 
class, especially of the hard blue limestones ; but their color or hardness, 
most not ho taken os a certain test. Their properties Lave been known 
since the time of the Romans; bat Smeaton while experimenting for the 
Eddystooe Ligbtdiouse, was the first to detect that the reason of their 
being able to sot under water lay in their cootaining a portion of clay* 
To this class belong most of (he kunknrs of this country, and the blue 
Lias lime, so well known in England. 

84, Where natural hydraulic limestones are not found, their place may 
be supplied artificially in the same way as in the case of hydraulic cements ; 
and, as Vicaf remarks, these artificial limes hare this adraatoge, that by 
being able to regulate the proportions of the ingredients, we can giro them 
whatever degree of energy we please, ood cause them at pleasure to equal 
or surpass the natural hydraulic limes. All writers, however, agree tli.at 
it is K’tter to u<e a natural, than an artifitial, hydraulic lime, when the 
former can be readily procured, 

Vicathas divided his artificial hydraulic limes, into two classes; 3Bt» 
Those made out of slaked limes and a certain proportion of clay, the mix- 
ture being then calcined ; 2ndly, Those made from any very foft c.alcarcoiis 
pubstance, such ns chalk or tufa, redneed to n paste in water and tlum 
mi\cd with clay and burned. The Eccond method is much the cheaper, but 
acconhng to Vicat, not so good aa the first, “in consequence of the rather 
, le»< perfect amalgamation of the tnixtorc. In fact it is impossible by mere 
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mccliflnicfll agency to reihico ralcarcons snbstancc? to the same ilcgroc of 
fmeiiess as slaked lime." It appears that Gcnenal P.isley did not find 
this disadrantage in Ids chalk experiments. 

85. The following is the way in which the first of these two processes 
has been c.arricd out in France. The lime being skaked to powder Avas 
dirided into portions of 8‘S cnbic feet cubic metre) each, and with 
each of these was mixed 1'059 cnbic feet (0 m. 03 cent.) of gray clay which 
had been dried, reduced to fragments, and beaten into fine pulp with water. 
The lime and clay were together beaten with pestles into a paste. The 
portions were then accumulated into large heaps, which were allowed to 
acquire eo great a cgnsislcncy as to admit of their being cut into frag- 
ments by a shovel. These fragments were spread out to dry and then 
burnt in the kiln. 

86. At Meudon, near Paris, hydraulic lime is made according to the 
second method above given, as follows:— 

The materials used arc the chalk of the country and clay (containing 
alamina G3, silica 28, o.xidc of Iron 7). The clay is broken into lumps, 
the size of one’s fist. Four measures of chalk and one of clay arc thor> 
oughly mixed together in a circular basin of 0^ feel radius, under amill-stone 
set up edgeways, and a strong wheel attached to a set of harrows and rakes, 
which revolve in it by a two-horse gin ; the basin being kept supplied 
by water. After an hour and a half working, nearly 3.5 cubic feet of a 
tliin'pulp is obtaihed, and drawn off by a conduit and passed through a 
series of reservoirs, where the solid material sinks to the bottom, leaving 
the water to be carried off into the next reservoir, and ultimately drained 
into a cesspool. The sediment left is now moulded into solid prisms 
(about 73 cubic inches) and these prisms arc thoroughly dried and then 
burnt in the kiln in the usual nay. 

It will be observed that this process is very similar to the one employed 
for making Portland cement (para, 76), and that the ingredients used are 
the same; the essential point of difference being that in the Ueudon 
hydraulic lime 'manufactory, calcination stops when all the carbonic 
acid gas has been driven off ; whereas in the case of Portland cement it 
' is pushed to a point which produces vitrification in a considerable portion 
of the kiln. 

87. At Kurrachee, artificial hydraoltc lime has been very successfully 
made by Sir. Price, the Saperintendent of the Harbour 'Works. 
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Orilinnrj rich (fat) lime RlakcJ to poirder, is mixed fl'iili clnj, in Iho 
proporUons of 5^ parts, hp measure, of Jiine, to 1 part of dap. 

Tlie rich Hmc u?c(l has hecn generallp made from the Ijard crpstalliiic 
Jimostono procured from the “ Gizrec” hills, ne.ar Knrrndioe,* 

Tiie dap is procured m situ from the bed of the Ljaroe river, and is ot 
the (lescri^ition that niiglit he used for brides or coarse potterp. 

Tlic mixltirc of the hmo am! clap is made in a mortar pan worked bp 
steam power,! « siiHidcnt qimntitp of water being added to bring it to tlio 
consistenep of modcratelp stiff mortar. The nmnlgamafion should be 
TCrp thoroughlp cfioctcd, as upon this grcatlp depends the rjiiallty of the 
lime4 

Tiie mi.tturc is tJion made bp hand into balls of abont tho size of a 
l.argc orange wbidi are l.aid out on the ground in the siw io djj, When 
thoronglilp dned, which takes from two to sKv daps necordlng to the wea- 
ther, the balls are burned in a kiln; or if tho h'mo is not likdp to Ic soon 
required, thep are stored in a shed. It is most important that tho balls 
should bo thoroughlp dried beforo burning. 

Some further details regarding this Knrracheo lime will be found in 
paras. 105 afid IOC. 

88. IlronACCic ^fonTARs. Along with hpdraulic limes map be class- 
ed those lipdfftuUc mortars which arc formed from a mixture of common 
or feeble hpdraulic lime with a natural or artificial puzzuolana,§ The two 
principal natural ingredients in Hpdraulic mortars are pczzuolana and tra«s. 
The former, n Tolcnnic dust from tho noighbonrlioodof Mount Vesuvius, 
in Italp, was used as carlp as the time of the Homans, as we find from Vit- 
ruvius ; it was not used in England nntil Smeaton emplopcd it in bnilding 
the Eddpstone Light-house, Trass is a similar volcanic product, found 
ne-tr Andomaeh, on tho Hbine. 

89. Aden pumice is u«cd in Bombap ns a puzznolana, and gircs ex- 
cellent results, it is mixed with equal parts of Salsetto lime and rand, 
to form mortar. Its nnalpsis hp Hr, Lpon shows, its constitution to be 
ns follows.— 

t .H ll.» r.OTtvr<Tftil*Hrff tn !.->•. tS* irl«ar» wm b-M,* 17a •it- rv’Irf, rMnnlff la a clrtTil»r 
ttl'i'i'irkar I •rrfl-.l 1 / Hj'I.tI*. 

; If rr'i'cf* !• rr^i.-rly m1f.th>-lartat‘rri'rjffg th^.U *)-9» ■ orif.-rm 
I Ik* wtll* »• of I'll* r'A I'lnC rt/lljr dlT|nr»'.*i** 

J Yl.-«'»r'-m-firUtrrrk«« «»m »i5iISf>HB ts”!-.? *U Iff-oV-BH of ir-Tt»rfortilnlr-- 

tsrriel'r, “*rtll<J»l iinra.'Ji'w*.'* 
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1*81 W*lcr, 1-81 

, ( Snlfhatc, o{ T.imc, .. Cfi41 

) Water of Caml)inatioi], .. 0G( 

f Silica aiOO ■ 

1 Alotnnia^ C 17 

CSll ^ Sesqnioxiilo of Iron, .. 8 05 

I Masneiia, 0 57 

( Alkaline bates, Water and losi, 12 S3 

10000 100-00 

Tbo chief ingredient's of trass and piizziiolan-i arc burnt silicn nnil 
nliuuma ; nnd, in imitation of them, many artiflciai comjiounds of clay hare 
been formed, and are largely used. Tlicsc me frequently termed “artifi- 
cial puzzuolauns." The pounded brick, or “ soorhee,” of this country, is 
one of this class. 

General Treussart has recorded very fully a series of experiments made 
by him on the formation of artificial puzzuolanas from the calcination of 
clay. The conclusions ho arrives at tvere 1st, That tlie presence of lime 
in the clay burnt has a great influence on the manufacture of puzzuolana. 
■While clays containing from 10 to 20 per cent of lime required to be 
heated very little, and deteriorated in quality, by being thoroughly cal* 
clned, those containing little or no lime require to be fully calcined to 
bring out their excellent qualities; 2iid, Tliat clajs containing a largo 
proportion of eand arc not so suitable for making puzzuolanas ns those 
which, having more alumina in their composition, are greasy to the touch , 
3rd, Tliat the artificial puzzuolana once made, requires no further care, 
“ for neither the influence of the air nor humidity will deprive it of any 
of its properties." This Inst is a very important fact, fur ire may con- 
clude from it that puzzuolanas formed by jiounding bricks may be made 
irrespective of tbe antccedenfs of the bricks, although the original com- 
position of the hrick earth affects the question of whether over burned or 
under burned bricks should be pounded lor “ soorkce.” 

90. Oae important fact roost be noticed with regard to the use of 
puzzuolanas ; viz., that dependence cannot bo placed on them, or at least 
on the artificial ones, for works which will be exposed to the action of s.'ilt 
water. Smeaton used natural pnzzuolaua in the cou'stniclioii of tlie Eddy- 
stone Liglit-hoii'c and found it to stand admiralily : but in various French 
bca-coast works at Brest, Chcrboiug, z\]giers,and elsewhere, where arlifi- 


Water, . 
Gypsum, 

Silicates, &c.,i 
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cial pu 22 uoIana yrns met!, tlie mortars after appearing to set very satis- 
factorily, and the favorable appearance lasting even for three or four years, 
haro disintegrated and fallen to potrder. Yical attributes this to the ’ 
action of the hydrochloride of magnesia upon the particles of mortar which 
vrerc not entirely carbonized. These particles, taking up the magnesia, 
and passing into hydrocarbonate of lime and magnesia, tvould crystallizo 
m a different way from tbo ordinary carbonate of lime, and this would 
doubtless lead to the disintegration of tho whole mass. 

Whether or not this is the right solution of the question, thero is no 
doubt about tho fact; and the practical deduction to be dmwn from it i*:, 
never to employ artificial puzzuolanas for any works of importance where 
water charged with salts is likely to affect them. 

91. Where clay is to be turned ©.tpressly for pnzzuolana, it should bo 
done by making it into balls .about the size of an apple, drying them, and 
burning them in an ordinary lime kiln ; or the clay may be pulverized and 
strewed in a thlo layer over a plate of iron lioatcd to a point between 
cherry red and forging heat. 

It is only by experiment that it can be determined what bricks make 
tho best soofkeo or pnzzuolana; for, as has been shown, an underlurnt 
or “pecla’' brick furnishes tho best if it contain a certain propoition of 
lime, while tho brick should bo thoroughly burnt or “pucka " if it con- 
tains no lime. To determine the presence of lime, take a little of tlia 
brick-dust, put it in a glass, and pouroverit a littlo diluted hydrochloric 
acid, or even strong vinegar; cflervcsccucc ensuing will show that linio 
i-v present; and the quality may be determined ns explained in para. 71. 
Another test of the best soorkee is by making three small halls of mort.ir; 
using in cacli cace the sauio proportions of lime and soorkee; but (he 
latter ingredient being made from bricks midorbornt, burnt, and overburnt, 
rcspcclixcly, from the kiln from which it is proposed to obtain tho supply. 

The three balls may then be put into vessels of wafer, and in a few days 
examined, and that soorkee which has produced tho hardest mortar pre- 
ferred.. In n eoimlry like this, however, where bricks arc often made so 
carcles'ly, and out of such very iiidifTereiit clay, n'ccial care should be 
t.alccn to procure bricks for making piizziiolaua whicli rl’.^^y arc clay, and 
do not conf.ain a largo proportion of sand. 

Having then obtained good properly luirnl briek-carlb, in ll 0 form of 
bricks or olberwiirf, nothing te«»aiH> but to grind it duun into ioipalpablo 
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powder ; this ia absolutely indispensable to effect tbc intimate union wliicb 
is necessary between the lime and puzzcolana to enable them to set under 
water, and too mnch labor can hardly be spent on it. 

92. Hegarding the combinations of lime and clay, M. Courtois states 
“ If erode clay bo mixed with rarions proportions of Hme, pastes arc 
formed which have more consistence than clay alone ; this paste put un- 
der water acquires at the end of three days a certain hardness which it 
preserres afterwards indefinitely; it attains Us maximnm of consistence 
when 1 part of lime is mixed with 9 parts of clay ; this paste after three 
days resists the pressure of the thumb. When a mixture of lime and 
clay exposed for some days to the air, has lost a part of its water, without 
haring been dried too rapidly, it may be afterwards immersed without 
Bustaining any alteration, provided tbc volnme of lime be not greater 
than one-third that of the clay; the proportion of lime might be less but 
should not be greater. A mortar of this sort might be used in the con- 
btruction of cisterns, reservoirs, and other works, where an insoluble rather 
than a strong mortar is needed. The quality of augmenting the resist- 
ance of lime which crude clay possesses, appears to bare been known for 
a long time in Champagne, where all the wooden houses arc covered ex- 
teriorly with a plaster composed of lime and a white argillaceous and 
calcareous earth. The floors arc also made with a plaster of tho same 
nature, and when not dned toO rapidly they resist perfectly. Tliis specicK 
of iniddling would be well worthy of trial in some districts where the ma- 
(crial is plentiful. 

03. Strength of Mortars.— Mottart may Ic tested with a view to 
discover their liardnc‘i«, their resistance to cruddng, their adlifiivcness to 
bricks, their internal tenacity or cohesion, the time tlicy require to harden, 
and tho amount of sand which may be safely and economically used in 
their composition. 

The force willi which inorlars in frcueral adhere to other material-i, 
dci>ends on the nature of the material, Us texturr, and the state of the 
surface to which the mortar is apjdied. Mortar adheres mo»t strongly to 
I'ricks: and more feebly to wooil than to any other material. Among 
stones its adliC'ion to limestone is gmcrally greatest ; and to J a'ilt* and 
sand'tone* li'a't. Among stones of the s.sme cla-*, it adlicrrs gmcrally 
better to the iKtruns and CT>arv“-gra3nfd, than to the mnijjiet and fine 
grained. Among snrfaers it ■ Ihfirs tnirc ttrT.>nglT to the rougli than to 
SOL. 1.— TUILU EMTIO. • 
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llie Kmoolh. The adhesion of common mortars (o bnck and stone for Ihc 
first few years, U greater than the cohesion of its own particles. With 
hydratjlic cement* the rererse i* the case; they appear also to adhere 
to polished earfaccs as well as to rough ones. Hondelet estimated 15 to 80 
Ibi. per gijnare inch, as the force acting perpcadicalar to the plane of the 
joint required to tear asunder atones connected with common mortar after 
fix month* union, and only 6 lbs. per square inch as the detrusire force 
required to separate the same surfaces acting parallel to the joint. 

Pasloy considered that the adhesire force of hydraulic cement to stone 
might be taken as high as 125 lbs. per square inch, when the joint 
was thoroughly hardened. Bnl as the exterior part may often harden 
long ht'forQ the int<’rior, he thought in questions of doebt on the 
aubjecl from 30 to 40 lbs. per sqnarc inch, was as much as should be 
calculated on. 

04. To a«ccrtain the strength of mOTtara, Trcossarl used the following 
proccsi Two pendant iron alimips, hb, M trtaitng ifttun 

were attached to a horizontal beam, f, 
parallel to each other, and distantd inches 
in the clear, the lower parts being exactly 
IcTcl. On these stirrups a prism of mor- 
tar, rt, WAS placed, passing it through n 
Joo««’ly fitting rectangular collar of iron, c, 
terminated below by a hook. To this 
hook was suspended a common scale pan, 
ff, by means of ropes and an iron link, d 
The upper horirontnl bar of tbc collar 
which pressed on thn mortar had its tmn\- 
%'CFFe fcclion of ihc form of a ronnded 
wedge; and being brought against a cheek, 
f, it proved exactly on the middle of the 
prism. Tlio flcslc pan svas then loaded 
with Micccssivc weights, until the prism 
broke. 

TJie prisms of mortar were madcbyinix- 
ing the ingredients well together, adding 
the water till the consistency was like honey, end passing tbc mortar 
f«vcn or eight titnct» under the trowel. 
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The mortar pros then jint into wooden boxes exactly C x 3 x 3 inches, 
and left in the air 12 hoors. Tlicy were then placed in a largo tab of 
water in a cellar, and there left till the thumb could make no impression 
on them. Noting from time to time the degrees of hardness of each 
kind. At the end of a year they were withdrawn, and scraped down on 
their fonr faces till they measured C x 2 Inches square. Tliis was done 
to prcfcnt any error arising from the surface of the mortar being 
harder than the interior. ^Vhcn tho mortar experimented on was not 
hydraulic it was not immersed in water, hnt merely left to harden in a 
cellar. 

The trial of mortar, by crushing prisms nndcr a weight, is not a very 
sure one; as it is diflicalt to judge the moment when they begin to 
yield, the angles occasionally breaking off before the middle; and it is 
not clearly seen when the substance under trial has really yielded to the 
load. A preferable mode is that exphuned in para. 82. 

95. Sir Giarles Pasley made some experiments in the same way as 
Trcus<art had done, but put more stress on the rclatire adbesireness of 
Tarious mortars to bricks and di3erent sorts of stones, than on tbeir resisU 
snee to transrerse strain. To determine this adhesireness, be £rst boilt a 
scries of borixontal brick beams out from the face of a wall, each day add- 
ing one brick till the beams broke. Tbe brick to be added was immersed 
for about half a minute in water, the face of the last brick being wetted at 
the same time ; a thin coat of mortar was then applied to the last brick, 
and a thicker one to the new brick. The two were then joined, and a man 
held the last brick pressed against the other for from five to ten minntes 
till it adhered of itself. It this way with his cement of 4 parts chalk, 
to 5 of clay, he made a beam of 31 brick, or 6 feet 11 J inches long, 
weighing 189 lbs., which broke sixteen boors after the last brick had 
been placed. 

Not altogether satisfied with this experiment, Pasley tried another sys- 
tem. He cut mortises about ^-mch deep in the sides of a number of 
bricks, and fitted into them pairs of iron nippers. The bricks were then 
cemented together in pairs by their flat surfaces (9 x 4 J inches). The 
upper nipper was connected by an iron rod to the top of a gin, and the lower 
to a scale board, on which were piled weights until the joint broke. This 
aflbrils an excellent test of the ailhesion of (he mort.-vr to the brick, and of 
its own coherion to itself. 



^■»2 CniECTs, 

Colonrl Tottfn, I7nitp(I States Kn^incers, te-ted the lenJieitr of fonie 
iBortors in a similnr xvaj-^ by jotoing btkl:s ctosstd at tlgM anglr^ 
the surface of contact bein^ 16 square inches. Bj this mean*; iic 
Tvas able to fix round the projecting ends iron stimqw to n-hich 
the vicight': troro hang, withont reqairing to ent holes in (he sides of the 
lirichs, 

96. Tlio foljotving table. (Table I ) shou-s Colonel Bancoiirt <le 
CJiflTleTillc's estimate of the resistance to rnplnre of limes of difiercnl 
qnalitr, and of varions stones. 


TABLE 1 


' Dv^crlrt loa ol or «enc «rrrJBnjt<») <■« 

1 

G;cij«r»t}Te nyjtJanw. 

' EmioentJr bydnmhc mortae> of cioartzmc saod, . 

11 to C 

nydrunlic mortars, 

0^4. 

Feebly tydranhc morMrs. 

< » 2 

Bail onJinarr mortar of common hmc and qoartzofe saoJ, 1 
«Dch Its main's o«, . . . . } 

Srorccly above 1 

Soft grysBtn and fmcswuc, . . 

1 to C 

Loras and tofas, . ... 

C „ 10 

i Soft limestoae, ... . . 

10 „ 20 

Brict of good qaalifr, ... ... 

12 

Hard Iimcstooc, 

2f> tol4r> 

Granlie. . . ... 

•(0 „ .*f> 

BaMlt, . . ... 

r.o „ 70 

Qoartz rock, ... 

70 50 


S7. Tobies II. nnd III., go to prove the fallacy of a theory believed 
among bnlidcrs from the time of Vjfrnvias do'rniTnrd's, and probably fairly 
confuted for the fir^t time by Colonel Fcott, Tt.Tl, viz., that a ccrl.iin 
amonnt of sand positively inprea‘'e'; the Rtrcngih nnd adhcKicin of CJort.ar.. 
Its benefidal action being <i.«<!imied, variocs fanctfid tlieori''s h.nre bepn ynl 
fonrnrd in crpl-vnatjon of it; the moit generally received I'ting that the 
particle of the lime gJirink in setting, cad cnless panJ be laived triih it, 
cavities arc nH tbrongli the mortar. Scarcely any tiro nnlhor,, hor. 
ever, hare agreed in dctcrojining botr much sand fbnnld bo ti<c<l trv form the 



SnowiNQ tho strength of prisma of mortar broken trans^ ersely. 
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l>csl morl.ir, or m to the c\tcnt to which the profortion of sand should bo 
varied according as the mortar is hydraulic or not. The lime in mortar 
docs no doubt shrink if dried rapidly i ao that in plastering the surface of a 
wall where freedom of ahrinkago is of more consequence than hardness or 
adhesion, and whero (especially in a conntry like India), tho mortar dries 
very rapidly, it is beneficial as well as economical to mix sand with tho 
lime. Bat, in anything hnt tho very thinnest masonry, cracks from drying 
too fast arc not to bo apprehended ; and Tables 11. and III., show indis- 
pntably how mnch mortars made bhth from cements and limes loso in 
etrcngUi as sand is added. 

Tlie prisms in Table II., were 3 inches between the points of support 
and 2 inches square in section; except the Boorkee cements, which were 
4 inches in bearing, 2 and 2| inches sqnaro in section. None of them had 
been immersed in water. TlieywcreloadcJatlhelrccntrcs. Tho Roorkco 
cements were made precisely according to Paslcy’s directions, with one part 
of fat lime mado of Ganges boulders, and 2 parts of bard blao Hurdwar 
clay. 

Tho prisms of mortar in Table II.* set in water, or wero left in a damp 
cellar for a year, while Colonel Totten’s were subjected to a pressure of 
COO lbs. at tho time of formation, which probably Eqocczcd all the soper- 
fluous moistnro out of them. 

The prisms of both were 2 inches square in section; Treussart’s 3 
inches, and Totten's 4 inches, between the points of support. The 
SmilhCcld lime used by Totten, and the Strnsburg limes, arc both pure 
fat limes. 

98. Tlic next Table is from Ticat’sf work, and shows tho necessity of 
keeping hydraulic mortars moist nntil setting has taken place. It will be 
observed that the injury is greater in proportion as the lime used is more 
hydraulic ; so much so that Vicat estimates, that an eminently hydraulic 
lime may loseby too rapid drying, as muchas^ths of the strength it would 
acquire if allowed to dry slowly. He therefore recommends that all 
masonry built in liot weather should he kept watered till the mortar has 
set, and Raucourt do Charleville suggests the use of wet straw mats to 
be laid over tbe work. The importance of attending to this point in In- 
dia need hardly be alluded to. 

, ' ■ Extracted fnm TrcaMatt'i Tablet, XI<, ni , and ZXSXi . ; and Col. Totten on Mortars, 
t Vicat, Table XIII , Chapter XI. 
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best mortar, or as to the extent to which the proportion of sand should bo 
varied according as the mortar is hydraulic or not. The lime in mortar 
does no doubt shrink if dried rapidly ; so that in plastering the surface of a 
wall where freedom of shrinkage is of more consequence than hardness or 
adhesion, and where (especially in a country like India), the mortar dries 
very rapidly, it is beneficial as well as economical to mix sand with tho 
lime. But, in anything hnt the very thinnest masonry, cracks from drying 
too fast are not to bo apprehended; and Tables II. and III., show indis- 
putably how much mortars made bhth from cements and limes lose in 
strength as sand is added. 

The prisms in Table II., were 3 inches between the points of support 
and 2 inches square in section; except the Boorkee cements, which were 
4 inches in bearing, 2 and 2^ inches square in section. None of them had 
been immersed in water. Tlieywcrcloadedattbolrcentres. The Roorkco 
cements were made precisely according to rasl^’y’s directions, with one part 
of fat lime mado of Ganges boulders, aod 2 parts of hard bloc Hurdwar 
clay. 

Tho prisms of mortar in Table II.* set in water, or wero left in o damp 
cellar for a year, ■nhilo Colonel Totten’s wero subjected to a pressure of 
COO lbs. at the time of formation, which probably squeezed all tho super- 
fluous moisture out of them. 

The prisms of both were 2 Inches square in section; Treu'ssart's 3 
inches, and Totten’s 4 inches, between the points of support. The 
Bmithficld lime used by Totten, and the Strasburg limes, arc both pure 
fat limes. 

98. The next Table is from Vicat’sf work, and shows the necessity of 
keeping hydraulic mortars moist until selling has taken jdaeo. It will be 
observed that the injury is greater in proportion as the lime used is more 
hydraulic; so much so that Yicat estimates, that an eminently hydraulic 
lime may lose by too rapid drying, as much os Jtlis of the strength it wonlJ 
acquire if allowed to dry slowly. lie therefore recommends that all 
masonry built in hot weather should Iw kept watered till the mortar has 
set, and Raucourl dc Charleville suggests the U'^e of wet straw mats to 
be laid over the work. The importance of attending to this point in In- 
dia need hardly be alluded to. 

' * EitrwtM fmo Titmvut’t XL, IIL, csil SZXTI. ; to) CU. Tottes c« ZfwUrk 

t Vic»l,T»Uc Sill , QiirUT SJ. 
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39. Lime Burning.— Lime kilns may bo divided into Itvo classes, 
Ist, the intemittent Mns, or tboso in irfaich tbo fuel is all at the bottom, 
and tbelimestone built up over it; and 2nd, tbo running or perpetual It'lns 
in which the fuel and liraestono ere bmit in o similar way to that in which 
bricks are hurnod in s cUmp or “ pajtiwah,” ia alternate layers. In the 
former, one charge of lime i« bnmed at a time ; and when the burning is 
complete, the kiln is completely cleared out pre^ ious to burning a second j 
while iu tha latter, fresh strata may be constantly added at tho top as the 
c.alcined lime is withdrawn from the bottom. In the intermittent kiln, the 
limestone charge rests upon arches of the same material, rudely conslnjcled 
of largo pieces laid cliy. A small firo is lighted below these arches, aud 
quite at the back ; this is gradually Increased towards the mouth as tlic 
draught increases. The opening is then regulated to secure the proper de- 
gree of combustion, new fuel is added to keep it to that point, while the air 
wLieli enters by the fire door, carries tlw flame to oil parts of tbo arch, and 
gradually brings the whole to a st.itcof incandescence. Care must be taken 
informing thcaiches, that the stones of which they arc formed arc not 
sHch as will crack and burst with the application of boat; as they might 
cause the arch to giro way, and the diargc to fall in. The perpetual Liln 
is the inoje eeonouiieal of the two in fuel, hot at the sninc lime is inoie 
didicuU to manage. A mcic change in the direction or intensity of the 
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irind, a falling in of tlio inner parla of the cliargo, an irrcgnlarity in tlio 
size of tlio lamps of limcslono nscd, may all bo sufliclcnt to alter tho force 
of tho draught, and to causo an excess or deilcicncy, of calcination. A 
change in the quality of the fuel used will also evidently alter tho time of 
burning ; and sometimes a kiln of this description, after working for some- 
time very well, suddenly becomes out of order without any apparent reason. 
8o that tho management of such a kiln must be an affair of cxpcricnco 
and caution alono; hut notmthstanding the precautions required, the per- 
petual kiln is one quite as largely used as the other. 

100. Tho fuel nscd for kilns must of course depend very much on tho 
products of the country or district in which they stand. In Britain, coal 
and coko aro the only two fuels ever nscd. If any uso can bo mado of tho 
distillation of tho cOal, there is then an evident advantage in using coko ; 
for the gases which tho latter gives off arrive at once at their highest do- 
greo of temperature, while this temperature is only arrived at with tho 
former, at tho end of its combustion, when in fact tho coal is coked in tho 
Inin. The quantity of smoko that escapes from the kiln, while tho coal 
is being burned, may be takeu as an indication of tbe combustible wasted. 
A kiln in which coke is the fuel, will yield nearly one-third more calcined 
lime in a given time than one in which coal Is used. 

In many conntries, wood (which is not well adapted for perpetual kilns) 
is the only fuel. In India, wood, dried palm leaves, charcoal, and dried 
cow-dung, are the ordinary fuels. The varieties of wood of course vary 
with tbe resources of the locality. 

101. The shapes giveu to (he interiors of kilos are very different. 
The object liought is to obtaLu the greatest uniform heat possible with tho 
emallcst expenditure of fuel, for which purpose thick walls aro necessary 
to prevent radiation. 

Inteemitteni Kilns, — In Plate XVIII., are various forms of inter- 
mittent kilns nscd in different countries. Fig. 1 is what is termed in 
Franco a field kiln (four de campagne), and is designed for temporary use, 
where a large quantity of lime is wanted in a short time. It consists of 
merely an oven-shaped vault of limestone, upon which a stack of tho same 
material is built up in a cylindrical form. The whole is then surrounded 
by a wall of beaten earth, and supported outwardly by coarse wattlings. 
According to Yicat, in this kiln a coHc yard of lime requires from 1*64 to 
2*231 cubic yards of oak as fuel. 
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102. £f}gUsh Hla. — Fi^. 2 is a cross seclroa of n common form 
of intcnaitleat kib, used for fcarairtff dmik lime on t&o river JfcdtvAy, 
Kent; tho fuel nsed being coal. These kilns arc gcncraHj buiit in pairs, 
as tvro chaiges freight one rher barge, a, is a large aperlare, ■nhero the 
chalk is thrown in (the gronnd being higher behind); h, the door where 
tho limo Is taken out; ce, the fomaees, tho bars going right across llio 
kiln. lliC inside of Uio kiln is hoed with fire-bricks, eel in o mLttaro of 
equal parts of brick-earth and sand. TIjo lime takes CO hoars to bum ; 
and 20 hours after ibej liavo ceased to put in fncl, tho limo should be cool 
enough to admit of its being taken oat- Tho rolume of the charge dim- 
inishes as tho kiln bums ; tho oat-tiim far n pair of kilns bcingf rom llO 
to 120 enWe jards- The fuel required for this quantity is nine tons of 
coal, and an allowance of 1 or 2 lbs coarse gunpowder ; which is exploded 
occasionally from a gon barrel inside the kiln, to keep soot from forming 
and checking tho dranght- 

103. Amencan 2 is a section of on inlcrmittcot kiln, used 

in America, the fuel being wood. A hollow dome from S to G feet high 
is formed of the blocks of stone, renting either on the bottom cf tho 
kilo or on the fire grates. It is made largo enough to hold all tho fnel, 
irhicb, cot into short lengths, is piled roand it endwise. Tie stone is 
gradually brought to a red heat in 8 or 10 hoars, ovoiding any sudden 
increase of temperature, as it is apt to shiver the stones and break down 
tho dome. After this beat has been arrived at, it is kept np unifona until 
tho calcination is complete, indications of which oro given by the volanio of 
the cbajge being diminished to about ^tbs of its original mass, by tlio 
broken appearance of tho stone forming the kiln, and by (he case with 
which an iron bar may bo forced down through tho charge. Ihis kiln 
is shown as bailt on the face of a sleep hank. 

104. Drhra Deon KUtu — On tho next page U a plan and Eeclion 
of a limo kiln in common uso by tie oalivo limo lumcrs of Dehra 
Doon. 

It consists of a cylindrical pit dng near tho steep bank of a river, 
the bottom ronghly pared with flat elOBcs, the ciJoa bring boulders set in 
muiL 

Openings, U, era made oot to tho bank of the river, through which the 
foe! ia ignited, and which aftenraftls act as draught holes. TIjo kiln is fillol 
with green wood; a heap of tlilcta of dry wood on end, A, Iring placed in 
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Tlio doors of the chambers not in action are dosed, the chinks being 
plastered over ^vith clay. 

After the burning, one day is allowed for cooling the kiln, after which 
the doors may be opened and the Itmc drawn. 

The kiln requires for burning from 400 to 450 maunds (maund equal 82 
lbs ) of firewood, if jhow, be used ; if babool, 360 to 400 maunds. 

The return is from 700 to 730 cubic feet of hydraulic lime, and ICO to 180 
maunds (maund equal to 2^ cubic feet, measured after slaking) of rich lime. 

The quantity of lime stone required for the Vaulting is from 2C0 to 290 
cubic feet, measured as stacked in heap. 

After the burning, the hydraulic lime may be slaked for use in tbc same 
manner as ordinary lime. If kept a little time, however, the balls fall to 
powder, more or less from exposure to the air, bnt the lime will keep good 
in this way for some weeks, or even months. It is necessary, however, 
to store the lime under shelter in a closed shed. 

The lime prepared under the foregoing process, set under water in from 
24 to 48 hours, and appears in every way to fulfil the conditions of on 
eminently hydraulic lime, as defined by M. Vicat. 

106. Details of cost of mami/acture of one kiln yjrWfny about 700 
cubic feet 

iV.C.— The lime meoeores about the same in cubic content whether in balls or 
after having fatlea into powder. 




Were.— Tbs ct t!>’> fc/iJrniJlc Jjjar »» K-w in IWi* »»* nSoul * mww ffr cuMo fnni, Uii 
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, arc given by M. Vicat ns 

Fig. i: 

Fin. 2. 



M \J§A 


\ M 



107. Perpetual KiLNB.—Fijs. 1 and 
fccUous of Iho best fonns of perpetual 
kilns, tbo fuel used being coal ; the small 
conical erection shown in section, in Fijj. 

I, being intended to giro tho lime a 
direction in falling through the orifices. 

Tlio out-turn of tho former is 241*5 cubic 
feet, and of the latter 158*1 cubic feet of 
• lime per day. 

108. Jla'dras Hns.— F«js. 8 and 4, 

nro a plan and cross section of tbo kilns 
generally used in Madras. Tho lime is made of shells, which aro mixed 
up with about half their bulk of Fig. 3. 

pieces of charcoal. A small 
arch runslongitudinally through 
tho kiln, coTcred with a grating 
of brick-on-edge, aud partially 
strewed with broken tiles. On 
this Is placed a layer of charcoal 
about 3 inches thick, and tbo 
kiln is lighted. Tho mixed 
shells and charcoal arc then laid 
in small heaps about 18 inches 
apart and when the fire has reached them, the space between is filled up. 
When tho fire has extended to them also, another layer is laid, and so on 
till tho kiln is filled. 

Tbo transTcrso arches are to promote the current of air, the windwanl 
one being always open, and tho other closed. The sholls tako 12 hours to 
calcine, and 24 hours more to cool sufficiently to bo taken out. A kiln of 
this size holds about 00 cubic feet of shells. 

Tho Sjlhet lime, which supplies Calcutta, is hnml in a very similar way, 
in round kilns containing about 700 maunds. Reeds and dry wood are 
used for fuel. 

109. The natires of this country frcJiucntly bum lime without a kiln 
at all, laying it In alternate beds with dried cow-dung, and corcring tho 
whole in with a coating of mud to retain the heat. 

The native method of lime burning without a kiln, possesses the two 
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great mlrantnges of clieapne-i'? and simpHcIty, Tlierc is none of the ex- 
pense of building n kiln, to which lime from all the neighbourhood must ho 
brought, often at a considerable additional expense for carriage. But where 
the limestone is found, there it is bnmed ; for there arc few spots to whic!\ 
fuel cannot bo rapidly tahen. It is so simple a method too, and one so well 
known to the natives of tho Upper Provinces, that the Engineer requires 
to giro no instructions to tho limn burner, bnt can generally get a con- 
tractor who will bring him good lime, at a modoratn rate. 

On the other hand, in this system of lime burning, there is a great waste 
of heat, and consequently of fuel ; and often of lime too, so that it becomes 
quite worthy of consideration whether it would not bo the truest economy, 
wbero any extonsiro works arc to be built, to constnjct regular lime kilns, 
ns they are built in England, and to burn the Umo with the care and atten- 
tion which is bestowed on it there. One undoablcd ndrant.'Jge rrotiW ha 
gained, that by making sheds and preserring the fuel from wet, lime might 
bo burned in kilns, and consequently work carried on, all the year round ' 
hardly hindered by the rains ; at least in the Upper Provinces. As it is, 
during the rainy months, lime burning generally censes. 

110. On Slaking Lime.— The methods employed for slaking lime 
hare been generally divided into three heads. Tlio first consists in throwing 
on tho lime, as it comes from Ibo kiln, enough water to reduce it to thin 
paste. Too much water is generally added, and the lime is “drwrnrrf," 
tlio slaking being chocked. Tlio occond method of slaking, consists in 
flinging quick-lime into water for a few seconds, and withdrawing it be- 
fore the commencement of ebullition. Tlie operation is performed with 
b-oskets, into which tho lime, broken into pieces about tho sire of an egg, 
is placed. After being taken out of (ho water, it is thrown into a Iic-ap, 
and allowed to fall to powder. Tbis method of slaking has been found 
to be attended by various practical inconveniences, the chief of rrhich is 
the difficulty of getting the workmen to hold tho lime precisely the right ' 
^ time under water. Tho third process Is called “ air slaking,” leaving Ibo 
quick-limo exposc<l to moisture from the snrrounding atmosplicrc. Al- 
though Vicat mamtains that air slaking answers very well for fat Iimc<?, 
the majority of writcra dis.agrco with him ; and it would bo at all times 
an inconvenient and expensiro mode of operation. 

Trenssart recommends a modiGcation of the second method as tho best. 
Instead of plunging the lime into water, be obtained n like result by 
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llirowing n certain quantity of water on the lime. The lime was laid iu 
Leaps of about 10 cubic feet each, and the sand to be mixed with it after, 
placed all round it. The water was poured OTcr it from tin-pots of known 
size, allowing of water about ono quarter the bulk of the lime. Tho 
slaking was regulated by turning about in the lime an iron rod or shovel 
to keep it uniform, and then tho lime was covered over with sand till tho 
next day, when tho slaking having become complete, it was mixed with 
sand in the desired proportions and tho mortar used at once. Only as 
much being made over night as would suffice for tho next day’s supply. 

111, Colonel Scott’s directions for slating hydraulic limes are very 
similar, viz.: — Sprinkle with water, cover op well with sand, keeping in 
the steam for at least 24 hours. The quantity of water varying from 2 to 
G gallons to tho bushel, according to the kind of lime. 

112, It matters litllu whether pure limes bo slaked iu large or small 
quantities at once ^ but with hydraulic limes, only so much should bo 
slaked at a time as can be worked off wilbm the next 8 or 10 days. In or- 
der to make 6ur.e that tho lime has entirely lost its aOlnily for water before 
being laid as mortar in the joints of a building, it is safer to leave hydraulio 
limes for from 24 to 48 hours after slaking, before making them into 
mortar. For want of this precaution, mortar has been Imown to expand 
and to burst even the heaviest masonry. Twelve to twenty hours aro long 
enough for pure or feebly bydraulic limes ; they should bo left covered up 
daring that time. Hydraulic limes should always bo used as fresh as pos- 
sible from the kiln, and as they slake with difficulty, they shonld be gronnd 
first, to ensure tho operation being done perfectly. Hydraulic cements do 
not slake at all. Tlicy should be ground to fine powder and made into 
mortar either in a pug-mill or by hand in small quantities, being mixed 
with water only when required for use ; taking care not to let them remain 
too long in that state, as they at oocc begin to harden. Generally 
the more hydraulic the lime, tho less violent is the action caused by 
slaking it, and tho less increment there is in the volume of the slaked 
powder. 

113, On Forming Mortar.—In para. 27 it was attempted to con- 
fute the popular idea that the tenacity o! lime is increased by mixing with it 
a certain proportion of sand. Sand is however generally mixed with lime, 
for tho sake of economy; and for onliaa-y purposes, any good lima 
sTill stand the admixture without its properties being seriously impaired. 

^0U. 1.— TUIKli EDIIIOS. 0 
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Theoretically, the most perfect wall is that in vrliich the ccmontiii" 
material is jast as strong ns the hrick or stone ccnicntcil. There is 
evidently no object in having the cement stronger; hut np to the point 
of equal resistance, the strength of the whole wall will vary with that 
of the cement. Experience proves that with feebly hydraulic limes, 
cubic feet of sand may be mixed with 1 cubic foot of lime, and the results 
will be n mortar of ^th or 4 th the resistance of brick. With hydraulic 
lime of good quality, such as the Has lime of England, and many of 
the kunkurs of this country, to 2 parts of sand may ho used to 1 part 
of lime, hut this ia the limiL Scott's cement mixed with 4 parts of sand, 
and Portland cement with 5 parts of sand, attain ns grc.it a hardness ns 
the Ordinary briclrs used in London, and this is probably about the limit 
which can be, or at least, which has been, obtained with any cement or 
mortar. Por hydraulic works and foundations, equal portions of lime 
and sand should he the limit allowed. 

114, In the Upper Provinces of India the most common mi.xtarcs for 
mortar arc 1 part of stone lime to 2 of sand or soorkee ; or 1 part Hme, 
1 part sand, 1 part soorkce. Kimkur lime will not in general bear any 
admixture of soorkce. Experiments made at Mean Mccr in 1851 previ* 
ous to building the new barracks, gave a mixture of Dlmaundsof knnknr 
lime (0 6 maunds of stone lime (without any sand or soorkce), as tlio best 
and strongest mortar that could bo made of the materials then available, 
and this mixture was accordingly adopted. The prico of the two was then 
Its. 14 per 100 maunds for kunkur lime, and Its. 1-2-0 per maund for 
Etono lime, delivered on the works. 

116. TIio qualities of lime and soorkce vary so much in difTcrcat 
districts, that every Engineer should experiment for himself before com- 
mencing work, in a new stalion; the practical facts dcdticible Ironi the 
above paragraplis being, that in limes cont.nuimgIiltIcoriioargiiIaccous 
matter, such os that burnt from limc^tono boulders, an n(hni.\turcof 
soorkce ns well as of sand, will be advis.ablc, especially for buildings 
exposed to wet; while in the c-aso of kunkur or marl limes, little or no 
eoorkco can be added without impairing their strength, os the necessary 
amoont of cUy is already present. 

lie. Tlio following is an account of a remarkably fine kind of kunkur 
lime found at Ilclimnrri, in the Gormckpore Lislrlct, which received the 
1st prise at the N. AV. I’roviucca Exhibiliou of 1807 
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Bvlimtirri VnnVnr, M callM from being fonnJ in n villngc Hcbmnrri, Amorlis 
fen^nnnab, lillali tlnitec. It waa first bnwigbt to tny notice by some bricklayers, 
t^bcll lime being scarce ami very dear In Ilia dUtricts, I gate some attention to Ibis 
knnVtir lime, which is so eery different to tlic common Lnnknr used for roads and for 
mortar. The Bchmnrri lime was brought to tny notice 20 years ago ; it is to be found 
in Tcins rnnning nmlcf tbc xilbge on tlic banks of n Email liver railed the Mnnirnr, 
and stretching out into tiie n<i;aeenl land. 

U Is taken ont by digging with tbc loJaU In large blocks or clods, and is broken up 
by a mallet Into small pieces, then laid ont to dry. A cirenUr kiln Is raised about 8 
or 10 feet bigfa, the diameter at the base inside abont 5 feet, slightly closing np to 4 
feet at the top. 

It has fonr or fire open furnaces at the txittom for firing. It is nsnnlly hnrnt with 
charcoal, a layer of charcoal 5 ineliea deep, then a layer of knnkiir in small bits, C 
inches deep, alternately, tilt tbc kiln is filled np (it is then fired, and thekunkur lime 
bnmt in a dry state. It U then taken oot, and pet into smalt pits fi or C feet sriuare 
by 1 3 Inches or 2 feet deep, the bottom generally laid over « ith bricks, water is then 
rtin inlo the pits, and the lime is «Uke«L It is left in this condition for a day or two^ 
and tlie slaking oicr, it isacUdrcnditd in water : and then taken np and mixed with 
aoorkee and made into mortar, with an additiemof the common kunknr. 

The Bchmorri lime most not be mixed np in its dry state with soorkee, without 
being well drenched In water first, or its fnll qualities will not come to aeconnb The 
bricklayers here gcncrully used (rd soorkee, Jrd Ilcbmnrri lime, and ^rd common kan* 
ktir lime, wldch makes a first rate cement t or {rds soorkee and }rJ Bchmnrri lime 
will do excellently. The common knoknr lime serves mneh in the same way os sand 
fn Earopcan mortar, for it has but poorly adhcriic quality of iu own. The Behmniri 
iMflUr is found at the depth of abont C fect,bnt an earth agglomerating with it com- 
fnenccs to be found 3 feet from the surface. This earth is quite as good in its qualities 
as the fall formed knnkur. Bchmnrrns 20 miles west of Dnstcc, and 23nc^-cast 
of Tytabad, across the tlrcr Gograb on tho Bnstcc side. 

The Bebmtirri lime well drenched in pita with water, has a most adhesive property 
almost fully equal to shell lime, but most not be mixed up m mortar in its dry state; 
if about one maandt-f shell lime be pnt into the mortar pit with lO mannda of Beh- 
mi^ lime, the cement will be all the stronger, bat of itself is quite good and strong 
for flooring, for plastering walls and cementing brick>work j in wall building it is fust 
rate. For plastering and flooring work, it requires n good deal of beating, and ought 
to be kept during the process of plastering well wet and moist. 

117- Colond Sir Proby Caotley, nn eminently practical Engineer, 
^roto as follows roganling mortars used in tho Upper Doab : — 

“ The varieties of lime procarablc between the Himalayas and Delhi are pccnliariy 
favorable to hydranlic works. The beds of the rivers which dram the valley of 
Dehra, situated between the parent monntains and the Scwaliks, are loaded with 
boulders of lime rock ( the single strata of the Sewaliks tbcmsclees contain also a 
plentiful supply; these, with the main outlets of the Jumna and Ganges, provide 
lime for all the upper portion of this Doab. The boulders ore collected and either 
bnmt on the spot, or carried to tho works j in the former instance the cost of the 
material from the hills, to points between then and the town of Sahanmporc averages 
4s follows 
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Cost per 100 maunils at tlie kilo from 8 to 10 Re. say, .. 
Carriage of iJjtto to iho irorls at per mi, 3 to Sj noaas sty , «. 
CustoiQS levied at tbo ch^ts or t . . „ , 

passes in tUe Sesraltks^ aay, j i anna per bullock load, 


R. A. 
TO 0 
21 4 
2 2 


Total eojj per 100 mds., 23 G 

“ Altbongh tlus linso is in many cases pore, t. e , crystolline carbonate vritlionfc 
mtilurc — and by selecting the boaldera ptcvionsly to bnming, may be obtained sufli' 
cicttUy pure for the svhiiest stn(>eo, orwhite-wasH'^tbo article from the kilns is mnch 
adulterated nith clays and metallic oxides, arising from the varieties of hnic rock 
which are thromi into tho beds of the risers. W;tfa the use of eoorfcee therefore (or 
pounded bnck), this lime makes an admirable water cement. In wells and founda- 
tions I liBve generally used Jt jb the folJoiviDg proportions 
2 parts Eoorkee 
J ditto lime, OT 

5 maonds, or 400 Iba. of eoorkee, 

}| roaonds or 140 iba. of stonu lime. 

mixed well together in a mortar mill before it is used. Above the level of the water 
1 hnvo found it ndsisablo to reduce tbc quantity of soorkee j tho cement in this coso 
consists of 

li parts of soorkee, or Sj roaunds, 

1 ditto of (tme, or 1} m.aacds. 

** The lime in fact is so good, that where well bnrot bricks ore nsed, bad masonry 
is entirely oot of the question ; the builder cannot hetp liiiusclf, and for ibis portioB 
of liis doty descrica no sort of credit whatever. 

“This stone luDO is used universally on tho Doah Canal from tho point where ft 
leaves tho Jumna to Rampoor, a town twelve nulcs sooth of Sobaroaporc, from this 
tho marls aod kankur limes of tttc districts come into nsc, althoagh tho stone lime ts 
brongbt into rcqnisitioa on a smaller scale for arch-wort as well as parapets { and in 
plastering masonry works it is solely usciL 

” The marl, or earth lime ns it is osaslly called, is in much greater abundance on 
this line than kanknr. ‘When extracted from the qaarrics or pits, it is perfectly soft 
BXtd friable, in w hich state it ia kneaded op into round balls about 2 or 3 inches in 
diameter, which are placed in tho son to irj, prcvionsly to their being bunit in tho 
lain. The marls fdffer very saneh in quality, hnfc all of them make an admirablo 
water-cement That from Jossooc, a village on tho khadirof the IRndon thcr, is 
the most approved of, and is dcfivercd ca the works within a circle of Um and fifteen 
miles nt about 12 ropccs per lOOraanadi These marls are fall of fresh-water shells 
of species now existing in oil the Links, jhecls, and rivers of the cooatry j those of 
tnftama,ffymnir, planorbii, being tbc greatest abundance. 

" Tho kunkur limes arc mote nomcrons in the eonthem districts of the canal, they 
also moke a good watewxracBt, bat cootaio no remains of fresh-uatcr c-vnilm. 

“Near a villngo called llnrsoToi^ twenty-fire miles to the south west of Delhi, n 
very superior kanknr iime is procured — the forzantion itself is intermediate between 
knnknr and marl, lot the posiUon the quarries from which it is excavated is 
similar to that La which ail this material is jwocnitd, k a low tract of country, the 
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site in nil prolinbility of n lake or jhccl now filled op.* The same frcsli-wntcr shells 
as arc found in the marls to the easfwanl of tho Jumna, arc rei/ numerous in the 
Ilursorijo lime. It is esported in large blocks, and is sold in Delhi nt from twelve to 
fifteen rupees per 100 maunds. Tho cost after burning varies from twenty-five to 
thirty rupees per 100. This lime for a water-cement is very far superior to any 
lime that I have met with. When calcined it is of a very light color, and might be 
mistaken for the stone lime of the Northern Division. In the locks and works on the 
Doab Canal appended to them, at Shnknlpoor, Sikrani, and Jaoli, in the southern 
district opposite Delhi, nothing but llnrsoroo in the following proportions has been 
used in the superstrnctare : — 

1 part of IlarsorDO, 
ditto of Bnjrce, f 

and in the neighbourhooil of Delhi in the nse of pounded brick, or soorkce has been 
almost entirely superseded by that of Do)rce.t 
“ The sand stone which is an attendant upon the great qnartzosc formation of the 
ridge upon which Tughlnkabad, the Kootnb Elinor, and old and new Delhi stand, 
vanes from compact and crystallioe, to a loose and friable rock ; in this latter case it 
conrists of an agglntlaallon of minute angular fragments of quartz , with, in some 
cases, a red oxide of iron in such abandonee as to give the strata qnitc a pcenliar 
character j ia other cases the oxide is aantlug, and this fnable rock is of a light 
color. For roads and other purposes these vanctiesof the sand stone arc much in 
reqacat,andainoogstthonatiresobtainedtbe name of Bujrte. Nothing conid bo a 
better substitute for soorkce, than tho substance in question. The presence of tho 
iron oxide Is In every way favorable to its value In hydraulic works, and the sharp- 
ness of the particles of which It IS composed renders it an admirable mixtnre witli 
lime for plaster or stnceo, lu this form it stands the effect of the climate mneh better 
than soorkce or river sand. In the proportion of one part of llnrsoroo lime to ono 
port of bujrcc, mortar laid on with a float, as is used iu sand, may be considered very 
far superior to It, and with a much better appearance than that practised by the 
natives, under the tedious process of beating with the thappa. This Sujrtc is now 
nuivcrsally used on tho Doab Canal works, at all points at wbirh it can be dcliTcrcd 
under eight rupees per 100 mannds, this being the maximum rate of pounded brick. 
For watcr-rement, tho llnrsoroo lime with a proper proportion of this red bnjrw may 
perhaps be considered as snperior to all others attainable in this part of tho world.” 


* HanoToo Udtnstcdon airallixh wnicb ri««tnUieRDtItbntj Bear tho Keotuh VEasr.iai] Cora 
Into the toQih.vrcst end of tho Furnikno;var)bccI. Tbe towooT Ilonoroo, or M It la moro com- 
tnon/ycaMf^t "/Tarvoroo g6unvc,''£i ibout two idHct ftwo ttwjtwi. 

4 The following -U the drtall of ptoportloos anal In tho cnarnt at thm werhs, and u tbrj 
wvn bcllt In IS31-a9, a snfficioBt time bai clarial to Joilg* of the CnrabUisr of the Ba«7Si7,Bo 
itpilr of anj desertptim haring taken place sp to this period. 

. (nnroorooLime, ... ... on* part. 

FonnibiUons, Inclndlsg flooring, Ac., tEnrUilline,— — .. two n 


■Eopcrrtmrtnrc, . 


jllBiwrao 


» _ ooe-anri-a-bkU 


1 iksUT, «. ~ — J uajrtv, _ _ _ 

or nntrr thin coating riven I5t«w lime. ^ _ 

totheplMcr, asaflabh. IPtwiVc, ^ 

t Thli has, I believe, been ibc ease In the Delhi werks tor Biiay yean. 
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118. Tliere is nriicb (.lifference of opinion ns to what sand is Lest suitc»l 
,for mixing -with lime. Vicat concladeil that the <ail7antagc of^the three 
<3j/Ferent descriptions of sand employed by him, TOricd witli the nature of 

" the lime. Others recommend sharp hard sand, not too fine; while Col. 
Totten found that sand as fine as powder, produce as good results as any. 

The general opinion of writers has been, that pit sand is better than 
rivet sand, and sea sand is the worst. 

It is probable that the difference of opinion on this subject may arise 
from the different kinds of lime that have been used. Fat lime will not 
harden if kept damp; and the presence of salt in the mortar will always 
keep it BO. Hydraulic limes on the other band harden all the better, 
though not BO quickly, from being kept damp ; and it is therefore reason- 
able to suppose that in either case, sea sand is not prejudicial. For 
internal plastering, sea sand is evidently unfit, on account of the moisture 
which keeps exuding from it, dtsfiguriog its appearence, and malcriig the 
room plastered, damp and umvholesomc. 

From the conflicting opinions on the subject of sand we may conclude— 

lit. That in making ordinary mortar, our present Icnowledgo and expe- 
rience would not justify any great expense, in order to procure sand of 
any particular color or grain, or from any particular source. But that, 
generally, eand cither too coarse or too fine should be avoided. 

2nd. That for ordinary buildings wc should, if possible, use river or 
pit sand in preference to sea sand. But if any great saving is effected by 
using the latter, we should not hesitate to do so; taking the precaution 
to wash it carefully first. 

3rd. That for hydraulic bnilding, sea sand is just ns good os any other. 

4lh. That in all cases, it is worth while to take pains to cJc.an thesand 
before using it, or to mako sure that it is clean. 

The great rule in mixing mortar Is to sec that tlw lime and sand be 
thoronghly and intimately amalgamated. According to some writers, con- 
tinual working and beating is also essential to the making of good mortar; 
this, liowcvcr, is donbtfnl. TIic ingredients nuny bo mixed by luind or in a 
png-mill, or what is best of all, nnder a wheel or stones revolving on edge. 

119. It is common in this connliy to mix a small quantity of the coars- 
est sngar (“goor” or“jaghcry,”h3 it is termed in Sladras), with the water 
used for working up mortar. Where fat limes alone can bo procured, their 
bad qualities may be in eomc degree corrected by it, as its influence is very 
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TTurkciI in llio first pnlidilicfttion of the mortar. Captain Smith nltribntcs 
the fact, that mortars made of c.a1cinc<l ehclls hate ptood (he action of Iho 
rroaihcr for centuries, to this mixtnre of “jaglierj” in their composition. 
He made csperiincnlJi on brichs joineil together bjr mortar consislingof 1 
part common fhcll lime to llrand. One pound of jaghcry was mixed 
with each gallon of the water with trliicfi the mortar was mixed. Tlio 
t’richs were left 13 ycaraj ami after that lime, the atcrage brcalring 
weight of llic joint in 20 trials was CJ lbs. p<’r square incli. In 21 
Ppecimens joined with tho Fame mortar, but without jaghcry, the breaking 
weight was 4 J tbs. per pqnarc inch. In the jaghcry mortars, the cohesion 
and adhesion were nearly equal ; in the others the former was near double 
tliQ latter.* 

120. On Applying Mortar.— Tlic lirKt great point to be attended to 
in applying mortars, is tbe necessity of tliorougbly welting the materials to 
iHjjoincd; nndlhisisapointtoofrcqucntlyncglectcd. If the moislarc bo 
suddenly drawn olT any liydraulic mortar, it will not harden. Now, dry 
bricks and most stones absorb a large proportion of water, so that if mor- 
tar be applied to the dry surface of o brick and nnoiher pressed on it, tho 
whole of the moistnre will bo pqncezcd ont of tbo mortar and taken np by 
tho bricks; and tho mortar itself will crumble into powder. Whereas, if 
the brick be already thoronghly welted, it will be able to absorb no more 
moi-turc, ond the mortar will set as it ought. 

With many compact stones, snch as granite, marble, &c., it will bo suffi- 
cient to water tbe surface at tho moment of using them. But porous 
materials, such as sandstone and bricks, should be allowed to soak in water 
for some hours before nsc. In a series of experiments on l^nglish bricks, 
weighing from 5^ to C lbs,, the average absorption of water was 12 oz, per 
brick; and some large bricks at Roorkec, weighing 11 lbs. when dry, 
were found to absorb 2 lbs. of water in 24 hours immersion. In a climalo 
like that of this country, where there is so much evaporation, this point 
should be especially attended to. 

Tho next requisite in applying mortar is, that the mortar should be as 
stilT as it can be used, without incoovenicncc, and without danger of all 
the unevcnnesscses of tho joints Tcmaining unfilled when tho bricks arc 
forced home. 

Tbo third requisite is to prevent rapid drying of the mortar after it has 
' • ri6raUoiiairfFCis,lI«3iuEa2liiccr!, Tol. IT. 



J52 


LrWES, CEMKHT8, MOUTAUa, 


been npj»iici3. I’liis point Ims already l>ccn alluaed to, nnd Table IV. gives 
(he result of Vicat's observaiioas on the subject. 

121. Woitar which is exposed to the action of frost before it has set, 
is so much damaged as to impair entirely its pi operties. In building tlicrc- 
fore, when the approach of frost is to be looked for, the foundations and 
the walls up to at least 3 feet shore tlie ground, should be livid in hy- 
draulic mortar, which wili set rapidly; as the action of the frost is sererest 
nt the ground level. During ecvere fro-sts, all building shoHid, if possible, 
bo suspended. If the waUb arc very tlnck, the interiors will generally bo 
protected from tho cold, and it will bo enough to lay and point tho exterior 
joints witli cement or superior mortar 

122. llortar is sometimes apjilicd in a form termed ^rroidihy, that is, 
tntwd with an c.vccssof water, and jxuired liquid into the joints of the ma- 
sonry. Colonel Rancouit do Chmlovdle found that good groutiag could 
be made of cniinantly hydraulic lime .and fine sand mixed with water, and 
poured immediately luto the joints, it hardeueilinststiUy without shrinking, 
and solidified all its water. Sineaton formed an excellent grouting of cqoal 
parts of Iitno and puzzuolana. Grouting i$» however, not approved of by 
all Engineers, Coi. Scott thus temarks of it— “If the joints of a work 
aronot properly flushed up, undoubtedly grouting is of great advantage, 
especially nlien dry bricks arc employed in work, fcut the Btrcoglli of 
grout cannot at all compare with tJiat of good stiff mortar; for grout 
when the water dries out, is merely very porous mortar, and the more 
fluid tho grout, tho weaher the work will be." 

123. Concretes Cois^i/e is a composition of small stones, bricke 

or rubble, and sand, with lime (grouud to powder), geaemlly in tho 
proportions of from ^th to ^th of lime, to 1 af flio rai-vturo of rubble end 
Band, After tlio ingredients are thoroughly mixed, and water has been 
added, tho concrete hardens into » solid mass, 

124. 6omo authors draw a distincUon between concrete} and betonr 
regarding H'len as being mode wllb hsUraulic mortar: and concrete pre- 
pared from non-ljydr.an!lici limes. Others again consider the difference to 
bo in the mode of mixture : when tlio cement or lime is first mixed with 
sand, and treated as n mortar befora being incorporated with etono or 
gravel, it is termed Utan : and trhea that preliminary operation is omit- 
ted, »l is called concreU, Hefon may thus he said to be the French process, 
while concrete is the analogous but clumsy operation as orgiually followed 
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in llnslatnl. Iiiil mch tli'tmctioii^ arc loo nice for jiracticnl jinqioscs, 
nnil llic nanipi concrete and K'ton maj Iw con<iiIcrcd synonymous. 

125. Concrete should t>ol bo made from rich limes, unless such are 
improved by being combine»l with poirdcrcd brick, puzzuolana, &c. If 
Iion’cver circumstances compel (he tiso of rich lime, it must ho rcdaccd 
to the finest powder by slaking or grinding, and crcnly sifted through a 
scry fine sieve : then mixed with a proper proportion of aggregate (gra* 
vcl, sand, Ac.), and wetted not orer nmch, but suflicienlly for its com- 
plete conversion into a bydrate. llie rough process of taking rkh limo 
fresh from the kiln, mixing il with the aggregate, and then wetting and 
turning over botli together by manual labor, cannot so thoroughly cfTcct 
the reduction of the hme as lo prerent iJie presence of largo pieces of 
It in an un«lakcd condition, which will eventually prove highly prejudi- 
cial to the ma'S of concrete. Such a mode of inanufacturc eliould not 
llierefurc be reported to. 'Ihe ]>ovror hydraulic limes arc belter adapted 
for cmicrcto puqioscs, in consequence of the amount of silica which they 
contain. Tlicy al«o require tube rcduccil to the finest powder by grind- 
ing or slaking (a Ko. 40 gauge sieve should be used). Such finely 
powdered lime, can bo kept for a long time if packed in well made paper 
lined, barrels, gnarded from the air, and kept dry. 

126. In all concrctea It is necessary to adjust the proportions of 
lime, sand and gravel, so that no vacniUes will occur in the mixture. 
With an aegregate of an average size of 2 inches, it will be found that in 
every cubic yard, there will be vacuities equal to eleven cubic feet, so it Is 
necessary that the mortar should be equal in quantity to that interstitial 
space. The results of experiments seem to show that the best results arc 
qirodnced when the size of the pieces of aggregate is a minimum. Major 
J. Browne, B.E , after building many arches, Ac., of concrete on the Kan- 

. gra valley roads, recorded bis opinion that concrete in the form of moilar 
without stone, would be in the long run the best and strongest, but it 
would take much longer to set; and Mr. J. E. Tanner’s experiments (for 
concrete arching on the Sirhind canal), appears to corroborate this view.* 
Coi'^net's bClon agqhmcrc whidi has been used extensively for houses, 
c}iiirclio« arche**, tho Paris wiwers, itc., is a couciete in which no stono or 
gravil i> n«eil, and the largest piece of sand is no larger than a pea. In 
thoTl.smes pnibaiikmeut,itwasmadcand used in llie following manner:— 

• TUe pars. IW. 
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been aj>plietl. This point has already been alUuled to, ami T.ible IV. gires 
the result of Vicat’s observations on tbo subject, 

121. Mortar U’liich is exposed to tho action of frost before it has set, 
is so much damaged as to impair entiiely its properties. In building there- 
fore, u'hen the approach of frost is to bo looked for, the foundations and 
the walls up to at least 3 feet abore the ground, should be laid in hy- 
draulic mortar, which will set rapidly; as the action of the frost is scrcrest 
at the ground level. During severe frosts, all building should, if possible, 
be suspended. If the walls are very thick, the interiors will generally bo 
protected from the cold, and it will be enough to lay and point the exterior 
joints with cement or superior mortar. 

122. Mortar is sometitaes applied in a form termed grouting, that is, 
mixed with an excess of water, and poured li<|uid into the joints of the ma- 
sonry, Colonel JRaiicourt de Charlevillo found that good grouting could 
bo made of eminently hydraulic hme and fine sand mixed with water, and 
poured immediately into the joints; it hardened instantly without shrinking, 
find solidified ali its water. Smeaton formed an excellent grouting of equal 
parts of lime and puzzuolana. Gronling is, however, not approved of by 
all Engineers. Col. Scott thus remarks of it-— “If the joints of a work 
are not properly flushed up, undonbtedly grouting is of great advantage, 
especially when dry bricks are employed in work, bat the strength of 
grout cannot at all compare with that of good stiff mortar; for grout 
when the water dries out, is merely very porous mortar, and the moro 
fluid the grout, the weaker the work will be.” 

123. Concretes . — Concrete is a composition of small stones, bricks 
Or rubble, and sand, with lime (ground to powder), generally in the 
proportions of from ^tU to Jth of lime, to 1 of the mixture of rubble and 
eand. After the ingredients are thoroughly mixed, and water has been 
added, the concrete hardens into a solid mass. 

124. Some authors draw a distinction between concrete and beton: 
regarding i^ton as being made with hydrttulic mortar; and concrete pre- 
pared from non-hydranlic limes. Others again consider the difference to 
be in the mode of mixtnro ; when the cement or lime is first mixed with 
eand, and treated as a mortar before being incorporated with stone or 
gravel, it is termed Hton : and when that preliminary operation is omit- 
ted, it is called concrete. HHon may thus be said to be tbo French process, 
while concrete is the analogous hnt clumsy operation as orginally followed 
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it is intonile*! to use tlin? nrtificial eqnlriilents in the shape of bnmt clays, 
or some sneh analogous mineral snbstance. 

Iloraan cement from its quick setting properties is nnsaited for ose in 
concrete for ordinary hohse hnilding, but owing to this very property, it 
is frequently employed in tlic preparation of concrete, where much miming 
water in fonndations prevents lime, or Portland cement, concrete from set- 
ting quickly enough for such works. It cannot be ns^d with a largo 
proportion of aggregates, and is therefore seldom used for general concrete 
purposes. "Wlien Roman cement is used, it should be powdered dry on to 
the aggregate, (1 part of cerrent to 4 of aggregate), and the mixture 
should be carefully wetted by a light spray of water ; no ramming being 
allowed, as the action of the rammer woold distnrb the indurating action 
which speedily sets in. 

In' all ca’ses where pratticalle, preference shonld be given to Portland 
cment concretes. The proportion of cement to aggregate varies very mneh. 
In the London main drainage works, where ^special excellence, regardless 
of cost, was aimed at, the cement of the finest quality was used with only 
1 of sand to 1 of cement. In the sea forts of Copenhagen the following 
proportions were nsed « 

1 p&rt Portland cement, 

4 „ Sand, 

1C n Fragments of stone. 

A very usual proportion for foundations is 1 part of cemeut to 10 of 
sand or gravel. In the absence of machines for mixing the material, the 
n«nal plan adopted is to spread the stones or gravel on a hard surface, 
and thoroughly saturate this aggregate; then upon these is spread a 
layer of the previously prepared mortar in the agreed proportions; the 
necessary amount of water is added and tho whole mass then carefully 
mixed and tnrned with rakes and hoes, and then rammed incessantly with 
heavy iron rammers, nntil (he mass is absolutely solid. But in large 
works it is now enstomary to perform the operation of mixing by ma- 
chlne«. It m'ust be Ixime in mind that when concrete is to be used in 
trenches, it should never be tipped from a height, hot placed gently in 
position and can’fully levelled. Tlie old practice of throning cement from 
a height was attended with injnry to the mixture from the tendency of 
the larger pieces of gravel to detach lhem«clres from the ma's while being 
tippoil. 
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Stone Hmo was iiwd, ami nftcr being slaked with wnter, it \va3 passed through na 
exceedingly fine sieve i the necessary quantity of Portland cement (a fiactnnting 
ciuantity according to quality of the work and its cost) was added, with a fine sharp, 
clciin river sand. The whole was then put Into a specially constracted pdg-mill, 
with the smallest quantity of water, and thoroaghly amalgamated. Prom the pug* 
mill it was at once wheeled in barrows to the destined part of the \vork, and there 
spread in layers of about C inehes deep, being carefully raked and slightly rammed. 
The works In question were esccolcd daring the winter, and althoneh under surh 
unfavorable circnmstanccs, the centres npon which it was placed were struck in less 
than 14 days without any damage to the arches. The ap[>carancc of the work was 
jilcusing, and closely resembled some varieties of Bath stone in tcxtnrc. 

127. Lime lias been used in conjunction with puzzuolanas, trass, and 
ponuded brick for concretes for a long period of time, more especially in 
works of a subaqueous character ; but rich limes are more improved by 
bucl\ mixture than the poor or hydraulic ones ; indeed in tbc case of the 
best poor limes it is unnecessary. 

General Treussart recommends the following proportions by measure 
for beton - 

ypr For mors ' 

c^latry loporttst 
weri. work. 

Obenial qulckdlmc, 'CO '30 

Sand, '75 • '53 

Hydraulic cement,* ... 0 'SO , 

Gravel '25 *23 

Stone chips, '50 *50 

llio beton was thus made in heaps of 1-80 part*, which on being mixed 
bu&tuincd a diminution of ^lU or 1th their bulk. Lacb lietip contnined 
about 61 cubic feet of iiiatcrinls; the mortar was made first, and required 
4 men to make it, tbc btuncs and gravel being added to it. 

The following also are mtxiures extensively used by him;— 

Xo. 1. K*. "• 

Ilydraolic lime, scry energetic, measured iu bulk 


before alakiug, W 30 

Trass from Andcrnnch .. .. .. jsn 0 

I’uzzuolana from Italy, «. 0 iH 

fjand .. .. .. .. SO 

Broken hanl linicstoDc, .. .. tO RO 


The first mixture required to bo used at once, the second required 
exj) 0 svirc for 12 hours before being jmt in jdacc. 

'niese combinations arc not of much practical value in this country, 
from the scarcity of the lolcanic products, but will serve ns n guide wlicio 
Tr rrmrnt, Troiwsrt aptvar* to hsw iriw*. or IniJUttUna, itbUb WH only 

«bta Ibcn wu Dot Ham (or (be lioie Iu in befon bdrs exiui^l to «rt. 
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liarc tnenlif'ncil in (In' la«l para., ns Iwiit" tlic nnlj loplimalc ficlil for 
ihc n«e of concrete. It lias, Iiovrcrcr, teen iKCil for rcry ilifTcrcnt otjccts. 
Wliolo tiiililings Imre teen constmctcil of concrete; sc.a nn<l wlinrf walls, 
toner*, cluirch pillars, nnJ even (lie piers niul nrclies of triilgcs. It 
lias teen ns*orleil (tat tlie pjramiilsof Ilgypt arc tinlt of artificial Mocks 
of stone, coinposcil of small stones and lime. Tlio Romans used it for 
many of tlicir great piitlic tnitling^, such as the palace of tiie Emperors, 
the Colosseum, and many of their aqueshicts and theatres. 

Trcns'art con'idcrs concrete admiratly adapted for nil works where dry- 
ness or water-tightness are of conseipicnce, such ns grain-cellars, maga- 
zines, casemates, aqueducts, Ac. 

Concrete may tc thus used, either by making it in motilils into great 
artificial blocks of stone, and using them when hanlcncd, as ordinary 
large stone* are in masonry ; or walls may be tnilt of fresh concrete ranr- 
me<l tight between frames, like Pise work. One rery strong argument in 
favor of block making, is the advantage of ascertaining the quality of 
the concrete before it is placed in position; an advantage not secured by 
frame bnilding, which necessitates the nninterrnpted continuance of the 
work, which if exeented with a bad quality of cement, would entail heavy 
toss. The quantity of cement required for blocks is less than that which 
must be used in the monolithic mass. 

The Italians made concrete blocks 4 feet 8 inches x 2 feet 8 inches, 
which, after being buried under ground for 2 or 3 years attained great 
hardness, and were used in the angles of the fortifications of Alessandria. 

130. Conertit arches . — Near Barcelona, is a bridge consisting of 2 
rows of arcades placed one on another, 150 feet high, and 700 feet long, 
composed entirely of concrete At Grisoles, in the South of France, a 
canal bridge was built of the same substance (2 parts hydraulic lime to 3 
parts of sand, and 5 parts of gravel stones) of 39i feet span, 5^ feet rise, 
and 19§ feet broad. The abniments, spandrels, arches, &c., were all of 
concrete; the only exception being that the corners of the abutment®, 
' beneath the bridge, were faced with stone to receive the nibbing of the 
towing ropes, and that the angles where the intrados meets the two faces 
of the bridge are of briclc. The excavation of the foundations began 
June I5th, 1840, and the last piece of centering was remored from the 
Rtmeturo on January 25th, 1841. 

An experimental bridge arch of 75 feet span and feet rise, made 
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228. llt-ton fts jKCcI in Praoec foi woik {<» generally mavU' 

nnd lovrcml into the water in a box, so constructed timt it can he opened, 
and its contents discliarged by puHing a coni, so as to deposit the Itcton 
on the bottom without aHowiog it to fail through a depth of water which 
might wash away the lime. Hie box should be lined with a casing of 
tarred canvas, o large b.ag in f.»ct, which remains round the biHou alter 
the box has l>ecn removed. Sheet piling ought to be built all round to 
protect the fre*^!! work from the action of the w.oter, as this is quite es- 
sential. In India, In-ton has been iiiiJeh used in lillmg in the well cylin- 
ders forming tlic piers of fo many of the Railway Bridges, the bJton 
being lowered in an iron sLp, which, on touching the bottom, opens out 
and discharges its contents. 

Diiton has been employed on n very large scale by (ho French In ihe 
liarbonr works at Algiers. Masses were sunk m caissons lined with tar- 
red cloth of from 2,tK)0 to 6 ,(h«) cubic feet each. Blocks also as large as. 
l,7G5 cubic feet, were made m moulds on the shore, and sunk after being 
set. Tho composition of the former was, 1 part of rich lime to 2 parts of 
Italian puz?;uolana. For the blocks set on shore, sand was mhxcd in equal 
quantities with the pnzzuolnna. The point was fully established at Algiers 
that blocks of beton Lave siiflieient strength to resist the heaviest seas 
Without injury, and that they form an indestructible mass, Tiiesc blocks 
were found iramovahJe when above 8.^3 cubic feet in size. 3f. Polrol has 
thus summed up the advantages of this style of subaqueous foundation— 
“ Ut, Immediate stability whilst ordinary rubble svork is never secure; 
2nd, Incomparably greater facility in the carriage of materials, generally 
£0 troublesome and otpensii o when blocks have to he quarried exceed- 
ing 100 cubic feet; Srd, A considerable reduction in the sectional arva 
of the pier, and consequently o remarkable saving of cost; -Ith, Tlmt 
the system everywhere applicable, wow that our advanced knowlcilge 
of the subject of Jiydraulic mortars enable us to make bvton in cu-ry 
locality.”* 

129, Engineers often look on foundations, and such works os we 

• rireo*inI>Mil'Hl<»'« notcoR«l*<r, Pejrtl. Ihiv •'ilnisrlrfl f ri-i-'M!'’'* ti 

li-cB tiork »re anf lirttiT tlisn l‘J In cf »'<n« »t 

rtn-lm. Til* H-;r»'!/>n »po' } l-r uhlrh «r<n:M t- n U'l »«'T 

lontJUj. AS AUI-T"* b ■IT'*"** w-'in'*-*' fk ; an.! U !• rnry Imiortant 

ta ktv^ tt-.M In nchc**-*!* »t Iwirt •!),»»•» »»U. If bo Mi-Tf .‘-*i:mnI''»-Tr'-Mlven 
ItirVnr*.” 
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nbnlliitg block} (ni bhovrn lu eketch)} and tho mortar of the concrete 
irorks op. The belt rcsolts in his cx* 
perimonts oero obtained from the fol- 
loffing ingredients — 1 lime, S sand, 4} 
stones, the sand being pore cashed 
rirer sand, composed chiefly of granito 
particles, the lime being from boulder 
lime stones, and the stone broken 
granite; soorkce hoffcrcr in the concrete while delaying the hardtninfj, 
gave more /e««eiVy than obUinctl from sand: broken arches giving slowly 
and seeming to tear; while those built with sand often during his ex- 
periments broke at once without giving a sign. Tlicso Kangra valley 
concrete arches, when 8 feet in span, and 1 foot thick at crown, bore before 
breaking 1,8G3 lbs. per square foot of roadway. 

With a vievr to deciding as to the advisibUity of using concrete motioli- 
thia arches for the superpassages of the new Birhind canal, experiments 
were made by 3Ir J. E. Tanner, C.C., on concretes formed of stone Hmc 
from the Tanjib hilts, kunkur lime from Loodiana, Sutlej river sand, 
and brick broken small to pa«s through J inch rings. With these ma- 
terials a brick arch 45 feet span, 3 feet thick at crown, was biilU as a 
feample for bridges ; and a roof 0 inches thick nt crown, 1 foot rise, and 15 
feet span was built of concrete, composed of 1 part of stone hmc, 1 part 
kunknr, 3 parts brick gravel. The letter bore 380 lbs. per superficial foot 
before it broke. The results of the experiments showed that the concrete 
made of the email was undeniably stronger than that made with laige ma- 
terial, and that tile more it was consolidated, the stronger it became : also 
that the amount of water used very much effects the results, for if too 
much water be used, the concrete c.annot be consolidated. 

131. Concrete has also been used in budding three and four-storied 
houses without crushing; so little has to be feared from it on that score. 
One great advantage about concrete structures is the che.apncss with which 
they can be made. While modem art has very much facilitated almost all 
other kinds of work by the ij'>e of mechanical contrivances, brick-work 
still remains ns completely as ever hand labor, requiring shilled workmen, 
and taking a long time to execute. Now, by substituting concrete for 
. brick and stone masonry, wc do away with this necessity for skilled and 
conscqiicnily expensive workmen; as any ordinary laborers can mix the 
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entirely of concrete, was a few years ago constructed over tlic Jlctiopo- 
litan Railway (London), and has proved quite successful. Tlie concrete 
was 34 feet thiclc at tlic crown of the arch, increasing towards the 
liaunclies, wliicli abut upon concrete skew-bachs. Tlio concrete was 
composed of G ports gravel to 1 of Portland cement, carefully laid in mass 
upon close boarding set upon the centering, and enclosed at the side®. 
The following is c.xtracted from Engineeting of 25th December, 18G8. 

“ The amount of concrete mploycil in Itic bridge was about 4,800 cubic feet, '\hicU, 

cigliing one linndrcil ^Ycigbt and a quarter per cubic foot, tlc^ elopes a gross weight 
of son tons from the structure atono. The centre of gravity in the half span being 
10 feet C inches from the abutment, the weight of the same 150 tons, and the ri«c of 
the arch 7 feet 0 inches, the thrust at the crown is equal to 330 tons. 

** The arch being 3 feet 6 inches <lecp m the centre, and 13 feet w iJc, n sccti 0 n. 1 l 
area of 42 square foot ii available to resist the thrust, which is consequently cqnnl fo 
7 tons 17 cwts per square foot Tlic additional strain imposed upon the bridge per 
font run forcicrj ton of distnUutcd load h equal to 2^ tons per square foot, and 
the maMmuin strain fur a rolling load, is about d| tons per sqnarc foot, n hen the 
load is at inocighths of the span 

• ••••••' 

"Fromthesc trials, uis fair to assume that a thorooghlyirclbeonstmcted arch of 
concrete is absolutely stronger than a similar one of brick ; bnt in practice the danger 
arises that it would be dilUcuIt to cosurc, so high a quality of concrete as that cni< 
ployed ID the present instance, and the proper supervision of the contractor’s work 
by the engineer would be almost impossible in atrnctnres of this material, nhilst the 
inspection of hackwork is an easy matter. 

“ The utter uselessness of inferior concrete was shown by the failure of (he bridge, 
which was proiously erected on the site of this present ©nc, which yielded under 
its own load when the centres were strack ; whilst this, made with I*orllnnd cemciil' 
and laid with ail the care the contractors could exercise, was altogether a special 
piece of work. If is not, therefore, by any means to bo inferred that It would bo safe 
to snbititutc concrete for brickwork under ordinary circnm'fances t bat now we know 
that we can rely upon the material whcncTcr exceptional conditions render its adop- 
tion expedient or imperative.” 

Major Jamc^ Browne, R.H , whcainchaigo of the Ivangrn volley roads, 
n^ed coiicroto for tfia archer of nil culverts up to 10 feet span, and bii’iU 
nl«o ft -to feel span bridge of the fame niatcrinl. In the Knngrn valley 
ordinary arch work cost from Rs. 20 to Rs. -10 per hundred cubic feet ; 
while the rate for concrete, for archer of any aizo amounts only to Rs. 9 
per 100 cubic feet. Jlajor Browiio recommends tlint all arches should hr 
elliptical ftnd not pegnicntflf; ns in n segmental arch Ihe atones work 
down from the ramming into tin* comer funned U’tween the arch and the 
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sl'iiUmg I'ovk, (r% »1iuwn tn ikclcli), aiul llic niorUr of iJic concrete 
trotkt op. Tlie bent remits in Lis cx- 
jM'ricient* were oltnlned from tie fol- 
lowipp Ingreilifnli— 1 lime, 2 lanJ, 
itonei, tie rand bcirg pare waslcd 
riter rand, cctnpried clieflj of granito 
particles, tie lime being from bonlJer 
lime #tnne«, and tie rtone broken 
granite; ronrke^ lionrrrr in lie concrete wide delating the InnUninj, 
gate tnnre tlian c.btainej fmni atnd lirolrn arcles giting rlonlp 

anl R'^ming to tear; olile tloie Imilt wIili rand often dtiring lit ex- 
periment* Im'ke at onee aillioiit giting a ngti. Tlc»e Jvangra valley 
concrete trcle«, wlcn K fed in aptn, and 1 f.»ot thick at crown, bore before 
breaking 1,801 IS*, per a^ttare f.xit of roadway. 

\Vlll a flew to deciding as to lIieaJti«ibilily of u»ing concrete monoli- 
tlic trclei for lie «nperpa**agea of the new SirhinJ canal, experfmenU 
were made by Jfr J. E. Tanner, C.C., on concretes formed of atone limo 
from tie ronjab hills, kanknr lime from Loodiaca, Sutlej river rand, 
and brick br<tken small to pa*s tlirungh J inch ring*. With these ma- 
terials a brick arch feet span, 1 fiet thick at crown, was bnilt as a 
laniple for bridges; and a roof 9 inches thick at crown, 1 fi>ot rise, ami Ifi 
feet span w-ts hnilt of concrete, compo«fd of 1 pan of stune lime, 1 pari 
kiinknr, 1 parts brick gravel 'flic latter l«orc 380 lbs. per superficial foot 
before it broke. Tlie resnlts of the experiments showed tlint llio conerdo 
made of the imnll was imdcnialdy stronger than ihnl mailo witii lanje ma- 
terial, and that the mure it was consoH late 1, the stronger it became ; al^u 
tliat tlie amount of water u*cJ very imicli effects the results, for if too 
much water be used, the concrete cannot be consulidatcd. 

131. Concrete has also been nseJ in budding three and four-storied 
houses without crushing; *0 little has to bo feared from (l on that score. 
One great advantage about concrete alructurcs is llio cheapness with n Licit 
they can bo made. Wide modern art has very much facilitated almost all 
other kinds of work by tiic use of mechanical contiivnnccs, brlck-work 
still remains ns completely as ever hand labor, requiring skilled workmen, 
and taking a long time to cxccnts. Now, by substituting concrete for 
brick and stone masonry, wc do away with this iiecessi,ly for skilled and 
Louscqiiciitly expensive workmen; as any ordinary laborers can mix the 
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ingredients and ram them down when mixed. This is not so much felt in 
India where manual labor is so cheap, as in Europe ; although here too, 
in many cases of extensive works, much money might probably be saved 
by it. It was recommended to be used for the projected.wcir across tlie 
Ganges, by the Ganges Canal Committee in (heir Report of I8GC. 

It must be remembered, however, that artificial stones made of concrete 
must bo protected from the frost until the mortar lias thoroughly set j 
and generally speaking, concrete blocks appear eminently unsuitable for 
situations in which by constant collisions, pebble after pebble may bo 
detached. 

132. On Plasters, — It may be laid down as a princijdc that good 
masonry composed of well burnt bricks and good mortar, requires in gene- 
ral no plaster either to preserve or beautify it. A good builder will take 
pnde in his Inck-work, and will be sorry to see it covered up ns an un- 
sightly thing. This principle has been too much lost sight of in Indiin 
although there has been lately a great improvement In tins respect; and 
the works on the Bareo Doab Canal, on the Hallways and elsewhere, show 
how llltio good masonry requires such embellishment. Many seem to 
attach the idea of want of finish to unplastered masonry. And some, who 
may be supposed not to object to the appearance 0 / red brick and white 
mortar joints, yet believing impllclty in the necessity of plaster, try to 
produce a pleasing effect by the contemptible of painting their plaster 
to look like brick work! There arc, however, many cn«es in which it is 
ijiiite legitimate to use plaster. If the building is not one of grc.at import- 
ance, or if the masonry is not intended to be c.xposcd to any unnsnnl stress-, 
tlic saving in Indi.a is so groat by using iinderbumt bricks in place of 
“ pucka” ones, or by using mud in place of mortar, that houses arc con- 
stantly built of this description, and with such it is necessary to ii>e 
plaster. Occasionally, too, buildings arc so ornate that there is nothing 
more incongruous in plastering the outsides than in plastering the insides 
of onliiKiry liousos. There arc sonic beautiful c.xampics of tliia in native 
architi'cture, in Lucknow and elsewhere. 

Tliis is not the place to discuss whether it is true nrcliitoctnrc to copy 
luiildings from chi'^ica! models, aiibstitiitink bricks, and wooden lintels for 
ina>sivc blocks of stones. If it is, assuredly Ruch buildings t-hoiild bo phis- 
teretl. It would however be diniciill to find any ortlcr or style of architec- 
ture, in iu best d.iy.s, ititciidcd to be carried out by plastered britk work. 
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‘ Plaster eliould bo used when there b any object in having the surface of 
of the brickwork smooth 5 as in the aso of a brick vault, or arched roof. 
If the outside were left unplastered, rain would penetrate through the finest 
joints ; and la such a case plaster is employed, not so much to protect the 
masonry as to oppose a smooth snrfaco instead of a rough one, for the 
water to run off. Lastly, in all common masonry, interiors of rooms, &c., 
are plastered. 

133. Ontside plaster in this country differs very little in its naturo 
from ordinary mortar used in bnilding. As, however, less strength is 
reejuired of plaster than of mortar, it is usual to mix a larger proportion 
of sand or soorkee with the lime. The presence of the sand also, as stated 
in para. 97, is positively beneficial up to a certain point, as it diminishes 
the shrinkage of the plaster m drying. In England a much larger propor- 
tion of sand is generally used with tho lime than in this country ; probably 
bccauBO the lime is much more carefully made, and tho ingredients moro 
carefully mixed. As mentioned before, great caution should be used to 
mix plaster with/irsA water, and /mA water sand only, as tho presence 
cf any salt will cause constant damp on tho walls. 

Tho following directions were given by Colonel Sir P. T. Cantley, relative 
to the plastering of the Solani aqueduct. The plaster as may bo sup- 
posed from the materials used, is very good, but also very expensive. 

Iff. Flastcriog consists of threo coats or layers, the first of which is called 

choonah,” and is composed of 1) parts of atone lime to ono part of soorLcc, nell 
nixed with lunni (hemp), ent in small pieces, and beat down with tho mistrcc’s 
wooden tapkoe. This coat is laid on as thin as possible. 

2K(f, The second coating is called ** saadullah.” and is composed of 3 parts of 
stone lime to 1 part of soockce, finely sifted, (bnt witbont the mUtare of Bonn!,) to 
be laid on Tcry thin, heat dovm a little and smoothed off. 

Snf. The third oootmg is called " rung,'* and consists of 7 parts of best imslakcd 
lime (phoot) to 1 of tho very beat and reddish colored soorkee, finely sifted. This 
Is pnt into a large earthen ndKd filled with water, it is then mixed up well with tho 
band, and strained through a fine cloth into common water handies, and allowed 
to settle for a few hours : after which tho water on the top is remored, and the 
mixture at the bottom becomes the rung, which is laid over the plaster with a brash, 
and polished off nlth a n\j mUtrcc's little trowel or htnee, 

134. In England, when plaster is to be laid in two or three coats, 
much stress is placed on scratching tho first coat while moist with a succcs- 
sion of lines crossing each other like trellu work, so as to form a rough 
surface to which tho second coat may adhere. In this country plaster is 
generally consolidated by being patted for some time with a small wooden 
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trowel termed a “ tapkee a long and tcdioas operation. For interiors it 
is suiHcient to “ float ” the plaster, that is to lay it on very moist, and 
smooth it by passing a straight edge in different directions over its surface. 

A common mixture for coarse plaster in English interiors consists of 3 
cubic feet of mortar, made of equal parts of lime and fine sand mixed 
with 1 ft), of clean ox hair. Per an upper coating, fine white lime mixed 
with a very small quantity of hair is used, without sand at all. The lime 
used is slaked with a great deal of water, and run out into a basin,- where 
the water evaporates leaving a creamy paste. 

135. Gypsum. — Wherever gypsum can be obtained easily in Europe, 
it is used exclusively for plaster. It is commonly termed “ Plaster of 
Paris,” as it is found in great quantities near that city. It is quarried in 
large blocks, burnt at a low heat, reduced to powder, and carefully protec- 
ted from the air, as it absorbs moisture with great avidity ; when mixed ' 
with water it increases in volume. The extent of the burning should be 
such that I of the contained water should be driven off. If the gypsum be 
over-burned it becomes atxhf/di'ous sulphate which will not set again on 
addition of water. The proper degree of burning is between 212* and 
272*. It is applied for the first coats very stiff, and more fluid for the 
last coat. Owing to its great solubility, gypsum is unfitted for external 
woik. 

The masons of Minorca use a cement made of gypsum, which they call 
“gueesh,” for cementing together the cut stone with which they buildj and 
in making partition walls, often reduce them to a thickness of four inches, 
by building them of small flat stones thus cemented. In India, gypsum 
is sometimes used for the ffne joints of cut stone masonry; and, when 
very abundant, is occasionally mixed with sand in rubble masonry. It 
was largely used by the Mogul architects for the ^internal decoration of 
their buildings. When thus used at Agra it is called “guch.” Although 
found in various parts of India, (as in the Debra Doon,) little use is made 
of it in modern Indian architecture. 

136. Stucco. — The name of Stucco is given to a Species of plastering 
worked to resemble marble. It is generally made of lime, mixed with 
calcareous powder, gypsum, and various other sukstancos ; it becomes 
very hard and is capable of rccciring a fine polish. Tho Italians lay on 
stucco in three coats ; the first very coarse ; the second finer, and forming 
a smooth even surface ; on the top of which h laid the third coat, composed 
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cf rich Hmc Trliich li&s been rcry CArcfnlly nml Uiorotigh’y riakcil nnil 
passc<l Ibrough n sieve, miTcJ willi pounded Vfbito marble ; or sometimes, 
for interiors, with gypswm. 

The dilTcrcnt colors arc obtained by mixing with the lime certain metallic 
oxides ; as for instance, to obtain a bine, 2 measures of marble powder, 1 
of lime, and | measnro of oxide or carbonate of copper is used. To obtain 
green, green enamel is mixed with the marble powder. Grays are produc- 
ed by a mixture of asbes with tho marble. Blacks by using forge ashes 
containing particles of iron. Litharge, or calcined ochre, gives a red ; yel- 
low oxide of lead gives yellow. Tlic mixtures thus obtained are sub- 
sequcntly laid on in patches, and the eiccllenee of tho work consists in 
the taste with which they are employed to imitate marble. When tho 
Btuceo is perfectly dry, polishing is begun. The surface is rubbed with a 
very fine grained stone, wa«hii»g and clearing it with a sponge. It is then 
rubbed with a linen cloth containing moistened Tripoli powder and chalk t 
then with oil and Tripoli powder, and lastly with oil alone 

137. CAwnam.— Ma<lras“clinnam”l3ft very fincslncco. ItUlaidon 
in three coats : the first a mixture of shell lime and sand, tempered with 
jaghery water,* about half an inch thick ; the second made of sifted shell 
lime and fine sifted white sand without jaghery, o« itwould color the plaster. 
Tho third coating which receives the polish is prepared with great care ; 
tho finest and whitest shells being selected for the lime, and mixed with 
from one-fourth to one-sixth their volume ol tho finest white sand. Tho 
ingredients of the second and third coal are ground with a roller on a 
granite bed to a smooth uniform surface resembling white cream. In 
abont every bnsbcl of this paste oro mixed the whites of 10 or 12 eggs, 
half a pound of “ ghee” (clarified butler), and a quart of " dahee" (sour 
curded milk), to which h occasionally added from one-fourth to one-half 
a pound of powdered soap-stone, which is said to improve the polish. 
These ingredients vary, according to tho opinion of the builder ; the 
essentials in addition to the lime and sand, Ecem to be tho albumen of 
the eggs and the oily matter of the ghee, for which oil is sometimes sub- 
stituted. Tho last coat is laid on exceedingly thin, and before the second 
is dry ; it dries speedily, and is afterwards rubbed with the smooth surface 
of a piece of soap-stone, or agate, to produce the polish, sometimes for 


W*t«r cecUiuBg a wintinn ct coum ra-itr, 
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many hoars. Water continuca to esade from the idnstor for soTcral 
days, vrhlch mnst be wiped off, 

138. White-wash,— Tho interior walls of Indian houses, ns also in 
some eases the exterior, ore gencrallyti'Afttf-tcasAcd in lien of being painted 
or papered. “ White-wash” is merely a thin solotion of slaked lime with 
some ingredient, as gnm, glue, or rice water, to render it adhesiro to the 
walls. The white-wash should be of finch consistence that it will not 
immediately drop from a brash dipped into it, and should be mixed with 
sufficient size or rice water to ensure its adhering to the wall and not be- 
ing mbbed off by any thing brought into contact with it. 

Before while-washing nu old wall, the former coat of white-wash shonld 
be scraped off, or else the new co.*!! will no't adhere properly. 

For 100 snperficial feet of ordinary white-wash arc req^uired li seers 
of stone lime and *05 chittacka gum. 

The following, howercr, is a recipe for a superior description of white- 
wash, which will withstand a heavy down pour of rain, and is suitable 
fox exterior surfaces. 

White Lime— 40 seers, skked with hot water in a covered vessel. 

Salt— 5 seers, dissolved in hot-water. 

Coarse Iliee— 3 seers, pounded and boiled to a thick paste. (Kanjee), 

Glue— ^ seer, dissolved in hot-water and the dirty refnso rejected. 

TIicso ingredients should bo mixed, stirred, and diluted with hot water, 
till the consistency becomes that of ordinary whitc-wnsb. 

The mixture should then bo allowed to simmer for a few hours over a 
fire; it shonld nextbo strained, and finally laid on to the walls tr/«i7c hot, 
Tlic above amounts should suffico for 2,500 BiiperCcal feet of 
wall surface. 

Another recipe for white-wash is given on pago 215; and llio dircc- 
lions given, on pago 214, for distemper apply equally for whilo-woili. 
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TIMBER. 

139. Timler, derived from Ite S.ixon word timhriarif to bnild, is tie 
term for irood of & size stiOicieDt to be adapted to Bnildlng or Engineer- 
ing purposes, and is applied to no trees trbich measnre less than 24 inches 
in girth. When the rrood forms part of the living tree, it is called stand- 
ing timier! when felled, it is called rough tmher; aflcr the log has been 
sawn into tho various forms rcqnired, it is called converted Umber; and 
tho pieces arc known as sided timhert balk, thick etuf, plank, or board, 
according to their shapo and dimensions. 

140. Stracttire.—AlUimber trees proper arc exogenous, that is, thej 
increase in girth bj addition to their exiemat sutfaccs of rings of jonng 
wood. Palms and tree*like grasses, such as bamboos, arc endogenous! so 
called because, althongh the stem grows partly bj the formation of Isjers 
of new wood on its outer surface, tlie fibres of tbat new wood nevertheless 
EO cross and penetrate those preriouslj formed, ns to be mixed with them 
at one part of their course, and internal to tiiem at another. The stems 
of endogenous trees, though light and tongb, arc too flexible and slender 
to furnish materials suitable for important works of carpentry. 

Tho shape of a tree is nsuallj eccentric, the annual lajcrs being thicker 
at that side which hasjnost air and sunshine, or towards which the roots 
have grown with most vigour, owing to the earth being softer or more 
nutritious in that direction. . 

Tho innermost part of the tree is called tho pith, this is {mmcdiaiclj en- 
closed by the heart-ieood, which is the hardest part of the tree, and nsed 
for all dnrablo works of carpentry. Tho outer and younger portion is 
called eap-tcood. From the pith, thin partitions of cellular tissue, called 
meduUarg rags, extend towards the bark; between these. arc additional 
medullary rays which stretch inwards from the bark in the direction of tho 
pith } rarely however, penetrating it. A tree is in fact, composed of a 
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Eoils. The best eoHs are those wliidi without being too dry or porons, 
allow the water to escape freely, such as gravel mixed with sandy loam. 
The tnost injurious, those which aie swampy and contain stagnant water, 
for they never fail to make timber weak and perishable. As to climate, 
the strongest timber — such os teak, iron-wood, ebony, and lignum 
viice, grow in tropical countries, surpassing in strength any prodneed in 
temperate climates ; bnt of the same species of tree, that which is 
grown in the colder climate is thfe stronger. As instances, the led pine 
of Norway is stronger than that of Scotland, and the English oak than 
the Italian. 

145. When timber is felled, the sooner it is removed from the forest 
the better. It should then be placed in a dry situation, and so that tho 
air may circulate round it freely, but should not be exposed to the sun or 
wind. Sfinared timber does not split so much as round. It is an advan- 
tage when possible to set tho timber upright, with its lower end a little 
raised from the ground. If this is not possible, it should be piled hon* 
zontally a little above the ground, with a free space for circulation of 
oir between each piece; aud when so raised, the supports should not 
be refuse wood, which iufects the good timber, but made of cast-iron; 
when supports are not used, precautions should bo taken to prevent the 
growth of v^etation around the logs, and the yard should he carefully 
drained. 

146. Seasoning,— Timber is said to be seasontd, when by s^me 
process, either natural or artiGcial, the moisture contained in its pores has 
been expelled so far as to prevent decay from internal causes. XTatural sea- 
soning, which consists in exposing the timber freely to the air in a dry 
place, sheltered if possible from sunshine and high winds, is the best when 
time can be spared, as slow drying renders wood tough and elastic. Wood 
naturally seasoned, however, is only 6t for carpenter’s work after two years, 
and for joiner’s work after four years’ seasoning. Artificial methods have . 
there'fore been adopted, to effect it more rapidly. Water seasoning, the 
simplest of these, consists in immersing the timber iu water as soon as cut. 
After a fortnight’s soaking it is taken out and dried .in an airy place. 
This plan, though rendering timber less liable to warp and crack, un- 
doubtedly weakens it. It should be avoided, therefore, where great 
strength is required. If timber is cut when full of sap it benefits by this 
method, ns tho water removes the greater part of the fermcntiblc matter 
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and makes llio wood less liable io be worm eaten. Care should bo taken 
that timber, when put in water, is entirely sank, as partial immersion is 
mostdestTOcUre. UoJhny timber is wiolhcr method. This in most cases 
impairs the strength and elasticity of timber, but causes it to shrink less. 
It is iKeful when joiner's work has to be executed in wood which takes 
a long time to season naturally. Timber should not remain long in boil- 
ing water or steam; four lionrs is generally sufficient. The drying after 
it is remored from the water sliould Like place slowly. Smolctng and 
charrinj timber is sometimes resorted to. It can only be done on a 
small scale, and if green timber is charred and then placed in tho 
earth or in any unventilatcd sitmation, decay is sure to result, ns the 
natural juices which arc then confined to tho tree, ferment, and prodtico 
dry-rot. 

147, Dr. Paton, Post Ilastcr General of tho 27. 17. Prorlnccs, found 
hoiling babool an excellent method of seasoning that wood. Besides sea- 
soning it quickly, it gare it extra strength; wood thus prepared being found 
to sufFor less, from an equal degree of wc-sr and tear, than the same wood 
seasoned in tho ordinary manner. Dr. Paton accounts for tho good cflect 
of boiling, by the fact that wlicn boiled, the woody fibre is depriredof sap, 
and is saturated with the tannin which aboonds in tlie bark of the babool 
tree. Green wood answers best for boding, as itpaits with its juices 
easily, and is easily impregnated with tannin. The’ bark should be fresh, 
and boiled along with the wood. After boiling, the wood should be 
placed for some days under coTcr, and free from a chance current of 
air. Tlio rainy and cold se.S5ons arc the most faTorablo for the process. 
The average time required is four months; while the natural atmospheric 
process takes five years. WheeK made of wood thus prepared last four 
or five years. 

148. The best method of artificial seasoning known, is Davison’s 
siccaling Process, which consists in exposing the timber in a cliambcr or 
oven to a current of hot air. This is impelled by a fan at the rato of 100 
feet a second; the fan, air passages, end room, being bo proportioned that 
one-lbird of the volume of the cliambcis is blown through it per minnte, 
Tho moisture passes away by an opening in tbe roof. Samples of wood 
are weighed from lime to time until it is found that the required propor- 
tion of weight has been lost. The best temperature of hot air varies with 
the kind and dimensions of the timber. Tims, for — 

\oL. 1.— TJiinn cniTioH. z 
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nanl-woocJs, m penerjl, in log^ or Jarge piece?, 95* to lOt)* 

Fir-ivoods, in thick piecea, it’o” 

„ ill thia boards ... 180* to IJOO’ 

The time for drying varies witli the thickness, thus — 

Thickness in inches, 4,C,8. 

JJequired time, in weeks, ... ... ... ...1,2,3,4,7,10. 


These periods are li.xcd on the soppositton that seasoning takes place 
during tivelve hours only of the twenty-four. 

149. Timber lasts best wb<*n kept dry and m a irel! rcjitilated place. 
AVet timber is soJtened .and rvc.akeiied but does not necessarily detay, 
and some timbers which are comparatively useless in the air are exceed- 
ingly durable under water. The cotton tree is a remarkable instance 
of this. Alteniato wetness and Uriucss, opecuJIy when accompanied by 
heat, soon de^tro}8 timber. For .micIi Mtuatjons, wood slionlJ he care- 
fully selected and great prccaniions taken for its preservation. Slaked 
luue is a great destroyer of tmiK-r, which bhoiiIJ, therefore*, in htiild- 
iugs, be caiefully protected from its contact. Tc.slv and sal are the 
must durable Indi.m timbers arid reiiuirc little artihcial means for their 
preservotjon. 

Timber has to bo prcserrcil from moisture, from internal decay (the 
dry-rot) and from tlie attacks of jiisccts j and in India where tlio whitc-aiit 
abounds, thia la^t in the most serioiis consideration. Oil paint preserve'* 
timber from the tirsc, and the uicdioU of saHiraiiu/i by Kyan, Burnett, 
Payne and Detbell, from the secoml ; Marg.ir}'s and Bctheli’s processes, 
howocr, alone seem successful ngumvt tho tliiwK Kyan used corrosive 
siildimtUe (bi-chlondt’fif uiercciryj, n very c.vprrisire! «rnlt f Burnett, chloride 
of zinc; and Payne, first a melalliu sohition, and then a dccornpofing 
fluid, the capillary tubes being thus fillwl with an iusohddo substance. 
Sfargary injects sulphate of copper, which being cheaper than mercury, 
can be used in a stronger solution. It is considered doubtful, liowever, ns 
a preservative from dry-rot, Mr. Bclheirs saturation of timber with 
creosote, a kind of pilch oil, is an cOectual perserrativo in every way. It 
i? ofTccted hy first cxlinusting tbo air and woislury from tho capillary 
tubes, in an air-tight vessel, and Iheii forcing in the oil at a pressure of 
loO ibs. on tho square Inch, which is kept up for some days. Timber 
•hsorbs from ouc-ninth to onc-tirclfth of its weight of this oil, 

150. Alnjor gankey, K.E., applied Jlnrgary's process to a varuly of 
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; (lie rc‘-n!l« of tlic cxj^crimcnU nrc iipj>ctnlcil in « taliiilar rlalcmctit 
fiirtlirr cn. 

Tlic aocrmpnnjing fignrp fliowa tlip *pj»afftlij< for atffping (lie wood. 

A and 11 arc Ir.ak wood trough*, hollowed from the rnlid tree ; no metal 
joining*, thereforp, interfere with the action of the rnliition. 

A I* the mixing, 11 the atcci-ing, trough. It will Ic'sccn that 1C pieces 
arc ateci'cJ each lime. 



( 1 ( 1 , pings and plug holes to each. 

FS, steps for the ends of the bottom timbers to rc<t npon, while the 
small laths placed between each row pennlt the solution to circulate 
freely round the pieces. 

All the specimens on arrangement are fastened down and kept in their 
proper positions bj two pieces of twine parsing tlirongli holes in the steps. 

In the figure, tho unshaded part represents tho sidphato of copper 
( necla-tut^a). 

Haling mixed, in A, the quantity of solution required, (the proportion 
being 1 lb. of sulphalo of copper to 4 gallons of water, as recommended,) 
and secured the spcciuiens in B, the plug a was withdrawn, and B filled as 
high ns necessary. A small portion of solution was always reserred in A, 
to make up for tho craporation of B, which was thus kept filled to tho 
proper height. According to the instructions, four days was the time the 
specimens should hare remained in tlic solution (two days for each inch of 
thickness, but they were left fire and a half and six d.iys to prevent any 
mistake) ; when removed, tho pieces were placed under cover to dry, and 
remained thus twenty days. Tlio specimens thus prepared were buried in 
an ant-hill for several months, and the results of the trial are recorded in 
the following table. 
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Table or Exteruicnts, by Major Saskey, BErnRRED to above. 



Major Sanljcj remarks : — 

“ From Uic colnnm of the stflfement it wonid appear that the three 
leak, fTfic and nrjoon alone, of all those tested, in n natuml state resist the atUcla 
of in'ccts. Tliis Ja to a certain extent emmeons, for on particular examination, in 
re'P'Cct to two or three Umbers (iw Wja w and seesum) haring white woiid, it 
that this orilj' is attacLe*!, iiltite the darVer woo*! of the heart S* hft una'.vjilc'L in 
the heart woi>l of Ik-Js sar (that portion alwaya ««eil) partiruUrly, there la a <iuantily 
of ted colored juice nhich cxudca at erery alioncr, and which ii leeuliatly otmaioui 


\ 







Tturrn. 


173 


lTi«rrtv Th" lifAfl irpcvl pI »cf»am In Me manner rtJaSna nn t*‘fntial oil f'lnnll/ 
fnl Oirm. 

•* I’jinrjfmTi, l»:m, «l)i*rr»li. an-1 l}>a<1a}i,«Tre«itaclc<l ttiili prriit BTiilitr, gmj 
nr two of tSc tm*oaVol ri>cflmcn« of iIion* wood* |>cri«!»ol la htn 

The tipo proc^ of wrtnra whwh »rtT aliaeird, 1 hnve wmnsir fiMcnl ntuler tlio 
!ira>l of 'lint-eaten.* Tlier «cre found on rxamlnilion to Lc homl hr a imalt beetle 
ihmtijh the white wrrvl. 

••No iprHmen of dhamin rmaauhjeet to the common [n*ccl* t common rcporl, hoir- 
crer, maVrr it readilr a'viilcil hr white ont«. 

•• llemj’, rope, eloth, and »ome f ieeea of liemlion, which were iteern! at the aame 
time with the other aj'feimen*, were not attarLol hr whUe-nnK 
"After remorinj from the anUhitt, wa.»liin.r and dijjn;j the apeeimena for the laU 
time, I wa* much (truck with the manner In which the atmo*] here hnil arlc«l on them 
K'erallr ; all thoie which had not l•ecn itccf-c^l, were wc.athfml of the peculiar Mur- 
i-di prar color, ao well known with nn|mntcii timber niter Inn^ rxioxare | while, on 
the contrarj, the iteep-cd rpccimcns appeared nearir as bright and fresh aa Uie da/ 
Uiej were placed Is the ant liUL” 

15L Mcaanrement— Ttml'cr ia longlit nml eoM hj" the cubic fool. 
I( the log Tsrics much tn eisc in dinVrent jiarta, llic longtli, breadth, nnil 
depth of thc«o parts mutt be taken. If it tapers, a mean Irc.'Kllh or 
depth must be taken. In measuring rough logs, howerer, it is usual to 
gird the log tit the measuring place, fold the gmling string in fonr, and 
fissome this fonrth part as the side of o sqnarc at the measuring place. 
Tlie arc.n of this, multiplied by tlic length, gives tlie contents. Tables 
for every foot in length and quarter of an inch inside have been published, 
to facilitate the calculation. As less than 21 inches is not considered 
limber, in measuring standing timber, its height is the lieight nt vrjiich 
the girth of the tree is 2 1 inches ; the girth at half tliU height is taken os 
ft mean. It is usual to speak of timber by the load, which in squared 
timber is 50, and in longb 40, cubic feel. 

162. Indian Timber Trees.— The following lists contain the names 
of the most important trees in India, dcserring the attention of the Engin- 
eer, cither as furnishing timber to the carpenter and builder, wood for or- 
namental turnery, fuel for brick burning, sleepers for railways, or material 
for other purposes connected with Engineering works. A work of this 
description is of coarse no place for compfefe lists of all forest and other 
trees, and for botanical descriptions: which could not be given within 
the limits of a few pages, or even of a single volume. 
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For Mhr JctaUs on such snhjectSf irorlcs epccinVf t?erof(?c? to Botany, 
Forestry, &c., intist be consulted; and Balfour's "Timber Trees of India; 
Clegborn’s "Forests and Ganicns of South India;” Skinner’s "Indian and 
Burmah Timbers,” may be adranta^eously referred to by those inter- 
ested in Indian Trees, 

Blit a brief list of the most important Indian trees, with co-efficients of 
weight, elasticity, Ac., will be nsefiil to every Engineer in the country, 
and may appropriately be embodied for reference in this work. 

It will be observed that the first list contains the Fotamcal names 
which only arc of real value, and precise application. Zocal names are in 
general very vagne, and not to be depended upon: nor arc they of any 
nsQ beyond the limits of restricted areas. The same tree will be known 
by many different names over a tract of a few hundred square miles, and 
it would tax the best memory to retain all the Indian Jocal names of only 
ono or two trees, and correctly apply them to their own proper localities. 
Again, one local name may in one district refer to one tree, and in an- 
other district to a perfectly distinct plant. Thus the well-known name 
"Deodar” is applied in Cashmere, Hiizara, Gurhwal and Kumaon to the 
Cedrus Deodara : in closely adjacent districts, {Koolloo and Kunawiir,) to 
Cvpressua torulosa ; and in another neighbouring tract (Chumba), to Jum~ 
perus JExcelsa. The Botanical name on the contrary has a precise appli- 
cation to one species of plant alone, and this not only in one country, but 
among all lands enjoying European civilization. Local names, however, 
are of course useful, and should be acquired by an Engineer in any district 
in which he may be employed. Alistof a few such names follows the first 
"Botanical” list: hut it must be remembered, that in many cases the 
identification of local names is very uncertain. Fngltsh names are in- 
cluded in the “local" list; although few (so called) "English "names of 
Indian trees exist ; .and in their case also there is great want of precision. 
For example "Poon" and "Ebony" are terms loosely applied to a large 
number of trees of many different "species,” and even "orders, ’ and as 
names serving any useful purpose of precise identification arc really 
valueless. ' 

The nunibcrs denoting weight, cohesive strength, Ac., have been for 
the most part taken from the late Couductor Skinner’s useful work on 
Indian and Burmon Timbers.” The prfcise meaning of each separate 
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exprcS'ioH iii tlio«:p formnlrp sliouKl be carefully rcallzeJ, before nsin" the 
formula.* 

yf denotes tlie weight t« lbs. of a cubic foot of seasoned wood, 
lia 13 the co-efTicieiit of elasticiti/ as involred in Barlow’s formula, 

V W 


where llj is a constant for each kind of wood, derhed from experiment, and 
recorded in tables : L length in feet, b breadth and d depth both in inches, 
of a beam Sitppoi ltd at the ends, and carrying at centre a weight W, in lbs. 
d being the (fcllection at the centre in inches (soy fur timber of the 
clear bearing.) 

f is the constant for each wood, denoting the direct cohc&ion in lbs. per 
stpuie inch, and applicable lu the fornmla, 

P= A/. 

whore P is the weight in lbs., which would tear asunder a piece of 
timber whose tr<lMs^cr^e section has an area of A Bi]uaru inches. 

p is the constant of strength id lbs. for timbers Enbjcctcd to cross 
strain; and is applicable to the foruinin, 



Where P is the weight in Ibi. at the centre, wliich would Irenb a 
scantling supjiorted at the ends hunng a clear bearing in feet s L, and n 
breadth s b, and depth s </ both hi tiahes. 

These equations are constantly in Use, ns evplamcd in the section on 
“ Strength of JlateriaU” in this Trealive, and tlie minibers given will bo 
found U'efiil for reference. Where more than one miniber is given for 
the name co-efficient, it will l>c nnderstooil that the-'O are the n’suUa of 
different sets of experiments, carried out at different times and places, by 
different persons. In fact the same cpccies of tree will furnish timber of 
lory difTcreiil quality, in difTerent regions, and vien in different parts of 
the same region: a fact which explains the extraordinary dircrslty in iho 
stalcuieiits and opinions recorded by different competent and reliable ob- 


* In using thlf Tslns rf It •SonM li« borne In (dIihI, tbst the £(:: MjJqIqi cf QwUrltf ) 
tlanVIn«'« anJ Stonrj''a tablr*. (nhkb cc^IncUsr « 1 m mitb cT Slflrvacrtb • rlaAVStr taUos) U ITJ 
£4 of thU fAnoula ; slilla lUrlov um< tmo prf«nt« viJun ot E tOarUclW) , la Lii £rtt taUc* th« 
£ = KrS E 4 . anj in th«w<fuJ UhW, bi« E = M Et. 

The moilutoiot rarlure (/) of lUaUnroUUoU s I*/, of tLoeUUct nhUt lu Uukiv«rth’« 
tahlrs. tb* ro.«^iriit of tnarrme ttrnifrtb t« Sf, 

Mltb Ihrao rorrortlons tbe Tklan flTCTalnUi* tabW alia W to ran l« n».S la ibr«r f rselo 
anil runiparianiiii liMtItuUe twSrrom tbo Vatim of the a.aJ ttlij suwiXj tLUioJ U. ■ - — 

table*, kjkl the Taluial.r loJiui «wmb«mi>s>mb 
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gcrrers: one flntliorUy tVgcriWn^ n tro« as loftj- and fnrnisJiing Jai^o 
scantlings of Jiiie timber : another allnding to it as a small tree snpplring 
tso timber of anrsise or nse. So ireJI fcno?ni and raluabfe a tree as tie 
Dtodar will furnish an imperishaUe timber of immense scantling, if grown 
on some bleak northern granite slope of the inner Himalaya ; while a 
comparatively soft anti inferior wood is produced by the rapidlr grown 
trees of tnoistcr forests on the lower slopes nearer the plains. It is ad- 
visable, therefore, for the Engineer to ascertain for himself the qnality of 
each description of timber in the acta.it locality in which he himself is 
employed; to make experiments to determine its strength, <£c-, and be 
careful to utilize each sort properly : not to wa«tc on some temporary 
structure a timber which may be a source of great value for some special 
purpose, while perhaps an inferior wood of no dnrability is being intro- 
dticed in some important pcrm.inent bnjlding. As an example of this, 
Dr. CIcgbom relates how a small bridge, the total estimate of which was 
Hs. 250, was con'tnicted of Poon spurs, which while nnsuited for this 
purpose, would hare realized a very large sum for the Dockyards, where 
this timber is invaluable. 

Avenvis. It mnst be rcmcmbere«I that the Engineer is required not only 
to know the trees available in his district for providing timber, &c., for the 
purposes above indicated, but he may also h.ive to plant civaws along roads 
and canals, and should acquaint himself with the trees best suited for such 
purposes, hai mg regard (o the nafnre of t/jc so//, the amotmt of ?itifniditr» 
&c. In Xortliern India the best avenue trees, having green shady foH.agc 
almost throughout the year arc, No's. 4, 7, J8, 43, .'j4, 85, 8C, llC and 117, 
of the following list ; where the usual rain-fall is 25 inches, these trees 
will thrive with the aid of rain only, after Laving been raised in nurseries 
and transplanted at the commencement of the summer r.ains to their posi- 
tions at the road sMc, (where a “ thala ” should be prepared for each tree). 
'Whore, however, the rain-falf overages only 20 inchc', it would be difllcult 
to grow avenues of such trees withont artificial irrigation, bnt the “ kre- 
kar" might be successfully raised from seed sown in trenches where the 
trees are meant to remain. 

In general, avenuo trees should be raised in small nurseries, where the 
ground should be broken np to 15 or 18 Inches in depth, and improved 
witli leaf manure ; the nursery being farnisltcd with a well, if canal irriga- 
tion is not available. 
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LIST OF THE PEINOIPAL TPEES OF INPIA. 

K B.— TVfM viarled * grow uithin 50 mtlti ef Itomkte, iV' IF. P., either indtgenoui or introduced. 
No I W~| Kj 1 Ji I ;> I 


1 


Adies Suituuka. 
(Ci>Ni/cr«) 


•Acacia Ahahica. 


54 I 41$G I 1GS15 
I 4111 1 


$81 

870 


A loftj Kpincc fir o£ the N \7. llimalava, dark and sombre, yet 
gracefal with its symmetrical form and pendulons habit. It fur- 
nislies a white troM, easily split into planks | but not esteemed as 
cither Btroog or durable. It is used as ‘ shingle’ for roof coi er» 
inps. 


3 "Acacia Catlcuu, 



4 “Acacia Elata. 

I I 2920 1 0318 | C03 


6 Acacia Eeccopulxa 
I SS I 4056 1 10253 ( 8Gl 
6 “Acacia Modasta. 


This T«ry thoror, white barked “ lecknr” is found ia most parts 
. of India, and its timber in eharacteriitics roneh resembles that of 
• A. ^ra6iM, and rs used for the same purposes. 


7 “Acacia Speciosa 

I ==|gS3| 1 . 


IS held to be brittle, and fit only for such purposes as boi. planks s 
and for firewood. 

8 “Acacia StipVLATA. This nnanned, pink-flowered acacia, one of the largest of the 
1 50 1 4474 I 2141C ' ' "" .•r-.- 


9 Adesaxtueka Pas ' . 

{Legiiiiitiio^a ) • 

I 5G j 310J I 17S4C ■ . ■ , 

ranee somewhat resembling “ sandal” wood . after esposore it be- 
comes purple, like rose wood. It is used sometimes as sandal 


scqucntlr, though oscfnl for aienncs, fi.c.» where shade prlog 


JO AllAhTIlCS IlSCEES i. 
(.‘^iMaruJaof.r) 
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Albizzu Elata. 
(Zeffuminosct.) 
42to} I I 

Mil I 

Alhizzia Stipulata. 

66 i ( { 

Aldizzia tj> 


s f»«bSa,rs! " "s’" “■« ■•• 

ItU .? n ' *“» “ “« Burnt!. sl.to, 

« Bflrmesa for bnjgcs «nd liotisB pests t it iss 

I DrsHilis opinion, the wood may eveotnaHy 

' become ft valuable article of tjotie. laaaj wtutuau/ 

, „ , , , ™ s™"”^ “ »“"»«!■ i it to temti- 

I 46 ( 4123 j 192C3 ! 835 \ *» '«l«ed by the nat»cs for cart wheels, oil 

It IS a lofty tree. oftcQ having CO feet of 
14 Abtocaepus IIH'j.irTA befe>»e the Jirat liraacK « thrown of. 

(Areocaruacc-a \ f.»v* t* b«tidsonio, shadv tree grows in Bi«TO.sh and Sonih 

, .n . lZ rT ^ -'‘"‘h ' "OO'J commerce. espeefaU 

j 40 } 3905 I 13070 I 744 { ,y, hca>u»g submwsion in water. Itodura- 

We, «uu »s much ‘^lugljt att« for iloeJc-j ards ns second only to teak 

15 'Artocaspi's iNTErRtpm It la atao used for house bitUding. canoes, S.C. 

iS A11TOCASP18 HvH-OMPOLli The ^ 

1 41 I «30 I 10120 1 r 8 aif'«;''fe.'».c it « found allo,crlBdl.,.nlii.«(cmtd loft 

for us liuit TOd hoiKr, and njlh in abuodiiM dsA { 0 ) 115 . md 
onoi.rom wudoM l.uit w u handsoia. objett Tbt wood wb.o 
o»> IS buttle, aud has a coarse and crooked grain. Jtishowmr, 
*‘’4 bouse carpeatiy and joinery t IsMs*/ 

mnsjcal tastromeuts, cabinet and maronetry wwk, ic. The wood 
bran” "*** ** afiirwards changmg to Ywloas Bhades of 


16 •ARioCAnrcs Lacooou. 


1 40 ( 


i 


17 ARIOCABPITS MOLLIi 
I SOI I I 


18 


•AZADABACHTA IhDlCA 

60 I S1R3 ! 17450 } 72' 
1 2672 { j 751) 


The aionkevjack’nithitsoraDcccoiored fruitis fonndnsnaliy 
. as ft cultiiated plant ncai houses la ladia and Bormah. Tho 
«<Kid «> Msed in the latter couittj- forcanoea. the ftait is eateo, 
aodavellon die is obtained from the root 
At! immense ticc on the hilla of British Barmah, haiing on 
I length of Hunk to the first branch, of 60 feet, and girth 

ot i. fecUCftotaboxc ground The Umber is used foresnoes 
nnd (.lit itfatcK 

The bcanti/nJ .ind ncll-knonn * neem" tree, is coramon throngh- 
itnita nml Bniin.ih, anti is njutb esteemed for ornament aod 
I ^adc. it groHs m the stouHSi soil. The wood is hanl, fibrous, 
I find (IniftMc, txicpt fioin attacks of insects' is of a rtddish 
OKiMu color and n used b» tho natives for ognc»JturaI and 
bufldiug pnrjKises It is diflitult to work, bat is worthy of at* 
tentioQ for ornmucntMl woodnork. Bong beams nic seldom ob- 
tamblc , Imt the short thitk planks arc in much request for doors 
and door fyaines ot iiatiie honsea. on account t>i the fragrant 
odour of the wood 

ZWrc are niau> distinct epccies of bamboo, all of wliicli arc op* 
tilled to Dtuncrous useful ],urposcs : bridge boiltiifig, scaffolding. 
bSC I ladders, water pipes, rafts, toofiog, chairs, beds, Jkc- - f 
970 “‘M^csoptoOOfectioIeueth ’ ' . 

IS the most gcnenilli 

ftnd cxpcnnieots sen , ^...4 any other 

ladian wixid, ItisZ ^ ,«j, iii.jugjn reality a gigantic gras<. 

. A large tree common to ludia ccncraliy anil Bauimh .• 30 feet 
highj 4 feet In guth; flowers red. The wood of a bcautlfuJiy 
ted color, toogh and fitron?, with n fine grain and snsccptible of 
j 55 J 4006 j lO.'.CO j 666 ] is used in making carts, and is in great request 

31 ^1'is tree isTnative of Southern Indls, Ihc Moluccas, it .* 

( CQ ( cold I l(70.> / 819| nad when In Wossom is ahovry ivjth its largo tosc-colored fiuHtrA 


19 


•Bambusa 
(_Grami/iaceu>.) 
(Plains) 1 2801 ( I 

(IliUs) j 6735 j I 


20 IlABBiyOTOXIA ACl/TAK- 

out A. 

(MyrMccu’,) 



TtMrrn. 


171 ) 


I w Lij_L ‘ r_ I . 


22 ‘lU**!* lAtinMiA 

( S/’/'‘''9rrT ) 

I (r.|r,(L-iir-':n: :fA 

23 ]U<'IA 

I fi| r.i;» I r.'-rn i t”*-' 


24 •lUrniMA V*T.iifSATA 


25 •nU-lllMA VAtmi 


26 nrnrvA Ammomiua. 

I SO I I Scr'Ml T«« 


27 nrrfXA llUftjnTni, 
{Jlftnhtetf} 


71)' »r»l |« Jirl/ft An I cl"^-jninf'I, bnt of Ima 

• trrrs:lli i! at rf tJ.<* I**! nAtoM It |« fiir hrtov*. 

I riHirr. Anl r*t 1 ff*rnr-. *nl h»* J-^n trort^jr'l f^r nilwiy 

nif “ « •rll lr»i^n In li»n Ifrr 5* tn rnfxl itIt(nVt< 

] nwr'f>1 f'-r If* f<«fir f >irrri ait r»trn tri'l omhI [n 

<1 »na<K. Tli'* •«. h-^nr rrr, •'mflimr* ow-.l fnr«JonrA 

I anl winl'n* »,tt frrriintr It (• M’'1 ti> c!ciotirr»l 

I T «} >lc 

A rmm«» irr** in SMiil.<fn apiI Crrlnl In.ll*. ♦«Wtnfil for 
. Il« I'i I!* f«nif *ti I ffnif. *0 I I tic oil CAir»f|f«J fn-tit lf« »ct<l*. 

* 1 Ilf i>«»A tT»*<r.< It I* nM A timVf tree, 

Ih 'tisit In MaUf'tr ttlKcr it AlUtn* a 1*rs;« t'lte. It l< ovil for 
I jar*, an I i* «v» • lrn-1 r>»atlr to Irak lS«ti;h amalltr. 

Till* anl »rTti<««f iW ctnti* arc ta1u«Mc,n'>t for IhcSr 
liritxr.i nt a* (•ni»n<ntal me* f<ir airnnrt. Ac . harlns t<aQlifnl 
crin«| irn-«’>*f. .«<r» if'C r»t fre !• fiaM anJ dark like elxrej, 
Iml ni 1 «n |»r^ f.< l■tu!■Jln^ | orT«>«f «. 

S'tnc of limtilnia arc aranilrnt { Unli ; and am^nc t)fe 

lurrc^iff i» tl.c*- r,1t|liant ('rtci<r '* (a name ap(1ic<I aIm 
I n acrrr>«a)«IiWhiIr*trt't» hnnilrnl«of taluHc timber 

tern* inih-m J'on^taof Nnrthr’n) Inlia, where one of the moat 
ar<1noo*<!oti<«of the dcfanmftit I* the erailicallon of thca« 
C»r*nlie eterj^TA wh-xe eaMc like »tem» f^tm ff»tf»ina from tree 

til IfTX, 

* Tnof»*rnallic* (« lo.liffmim* In Ceylon whrnce large 

«loarf iiic* ate annoalie Inin India j lot the tree hat alio 

I (•w-n Int'Chln'eil Inin Swiih India It i* the inott taloable wood 

• in tVthm (<n natal pnTj^xea and fomlthea the maieriil of tho 
Madrm* Ma«..U II vtit it »« crtitldfrol the belt woo»l for eaptlan 
Un.eow* tree*, an I <i»hca for tnatti. It ii llghMtrrag and flext* 
Idc, and take* the flare of A^^ in Sonthcro ladU for ihaftSf 
hrt»e*, Ae. 

l\t I * 


Tibet. Ac. 

28 UlCtfO'tn ri!CLO:fOir»r«. Tint tree with lt» large fragrant, browniih orange colored 
(lil^nPKlacif ) floHera, J* .-ontldered aacretl by tbe Hindoo*, and !i consequent- 

I ie I oeni I I cin I Ij larcelv ATailible Bs timber. The wood it blcMr col- 
1 I I Cl-lo„.,.^ng; y,„o,r.hat4 anddurable: a I • 


29 IllnSO'JlA STirCLATA, 

I ni I sold ) 1 inso ! 


30 ‘nostnAT IlnrTArin LLVM. '1 he Intge and etatelr Iteil “ Cotton” tree is widely distribntcd 
{Iti'mlmfrir ) I’ * . » i , i ^ i 

1 |•.‘22♦. 1 c^'di I 078) . ; * 


31 B0BAK«t'3 FlABCLLIFOK- 
JflS. 

(/’it/ninccce.) 

1 C-. I 490t 1 11808 I 914 




TDtDrn. 
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Ka I w I i:. I A I /* I 


43 •CrnnrL.K ToovA 

^Or^rrliirfir) • - • 

I 3ll2r.«ll OOOO • ■ . 

I 1 3.'CS 11 

44 Cnnni-^ DronAR^. . • • 

(,r.m./cra) 

^ ^ ^ " ' tlic Fftil, iinil n'lUTt «i Itic piflcc niicrc It li ijrow n. 

45 CiTlCKiUF^^IA TAlH.'1-AniA 'lh«s tioiicof the inos nanictl in commerce wood, 

(Co/rcMcfic.) tlionch oernrrinx #t*<nn Il«nnn?i, boiUhcrn Indifi nnd Eastern 

1 4‘‘\*‘S"r.| Cl41p‘”"“' The npo.1 rcvmhlct" Toon” in nppenrame ami aroma, 

46 CltlOtlOSLOS S'VirTESIA. ■ • * • 

(.Cftfrtlaeftr) '■ 

1 CO 1 4 JC 3 1 11 SC 0 1 sro ' ’. * * 


47 CocoB NearenA. 
(I’jlnacf#) 

I 70 1 SC03 I 0150 I 


48 COXKABUB SPECIOB.' . . 

{Cbnn/tracfa ) (tronc while limber, adapted to eier\ pQrpo*o of honse bnilding. 

49 CosocAHPt'8 ACUMth'ATUA A large timber tree of Southern India nnd Bnrmah, where it 

(.Combrelaeeee ) reaches a hei(;ht of 80 feet before the first branch, and a girth of 

I r<i I ■ o/i.'fli I Ban ! *2 fcctat C fci t aboic grouiid Ihe heart wood is reddi«h brown, 
I oP 1 43 j. I -OG-3 I cS I durable . nseil for house nnd enrt building. If exposed 


50 *0 

) 


5X CCPRESSrS TOIICLOSA. 
(Com/tr*.) 

i I I I 


is more 

• ■ Dehra 

scry strong in sustaining cross strnin lu Njigpore 20.000 axle 
trees are annanll^ made from this wood. It is well suited for car* 
riage shafts 

'lhi8 is a handsome lofty tree of the North West Himalaya ; 
hut IS not at all abundant and being esteemed ns sacred (and 
I termed ' dewadnrs' tdcislnr) or “ god timber” in some hill states) 
' It 19 not felled or m^dc jrcncrallj ni tillable ns timber, though 


52 DALurnoiA Latifolia. 

I 60 I 4053 1 20283 1 912 | 


63 'DALBEEaiA OOJEINESSI‘1. 


wheels, and ploughs. 



382 


TIinSER. 


Ko. I w ! i f, \ p i 


54 ‘Dalcergia Sissoo 
j CO { 4022 j 25257 1 807 
I I 3536 I 12072 r<H> 


55 DILLBKIA Pn,VTAG\NA 

(Dilit macfir ) 

1 TO 1 3050 i IT')? 1 j 1*07 

56 *DlLI.EXrA &PB<!U-:!K. 

1 45 j 2355 i 1261) i j T>t 

57 DI'^SPYROS ERRVL’M 

{,l.6$niic<!tr ) 


58 DlO'5p\BO? Uin^vTK 

! fiol 4200 1 la.ajo 1 nri 

59 DlOSPlROa >^ELQ^O^^LON 
i 81 i 50'8 i 15873 j 1180 1 

60 Diosr^Bos Tomektosa. 


61 DlPTEHOCARri.'. AL^Tt^ 
(DipIffi’Ctir^’/frfrr ) 

\ 45 i 3247 I 18781 i 750 


1 45 I S355 | 360T0 I TC2 

j 4J)[ i 807 

63 •Embltca OrnciSAUs 

{Kiiphorhinccit ) 

} 46 1 2270 t 1G'.»G4 i 502 

64 *rf*ATlTRrNA ISniCA. 


•EL’CALYrTUa. 

(,^[yrtaehr.‘) 


There is searcclj a tree lo India winch deserves more atteahon 
I than the >Spawo, ta\>ng into account its beauty and n«es, nod Us 
I rajiid pYkwth in eiwj ^mL It is «aid to attain perfection in 2S 
jcais. It- istudeJrspeadthroughNorthern and Central India, and 
js more used tbaii an_v tree (or avenues along roads and canals, 
nud for piaotnig in Cantuimiests It furnishes the Bengal Gua- 
oaningc agencies with their best timber, and is the best of all 
Iniliin woinls for joineiN «orfc, tables, chairs and famitiire. 

A stattU ami saiuahlc forest tree of Southern India and 
Bnimnli, finni'-hingsonie of the spara of commerce. The 
j «<Kxl IS nsod in honse and ^hl]> budding, being close-grained, 

^ tough, durable, (oen andcr-gronnd,) of a redduh brown color, 
not ea^ih »«iked, and “subject to warp and crack. 

The (fiMitu IS a Uige and ornamental tree of India and Bnrmah, 

, with laige flag! ant white flowers, edible fruit, and light, strong, 

* light blown wimhI of the <4nic gcncia) characteristics with the pre- 
ceding licc It !-• «sed m li<>u<e building and for gun stocks. 

The hue Hhany tn.e grows in Ccyloa and Southern India. 
Till' hcau usH'd IS <le<“p bluk, the outer srood is whites with 
.sdMuirmg jgc the bbich wikkI lucicAses It is much affected by 
the wr.ithi r, so that it k “scldijin used, except in sencer, amldeli- 
eate and fo-th labjjjct noik 

A miibili' '■i/m! till, id Cej loiiand Coromaodcljfurtihbing ooe 
j of the Volaiuaiithr trorxls of tommeicc.of a chocalatc color, 

’ ««h Iduk stiink-i .ind itiarU. esteemed for ornamental puiTOseat 
sr.(»te «ud 1 jiunbic. ObCAiitablc in logs 12 feet long, 4 rcet la 

'i Ills K n sen large tree of Sooth India and Pegu, fitniisfainga 
I laliiablc wood tor iiitnMDg and ornamental famery, the sap wood 

* white, the bean wood cico grained, heat j,cioae and black, stand- 
ing a high jwiluh 

Tins IS the JTorth Indian representative of the ebony-pro- 
ducing Southein torms of Djosp.i ros occurring in KerthcrB 
Bengal, Oudh. Ac , a toll elegant tree, furnishing a hard andhea- 
\j block woexi The loung trees are cstensiiely felled by the 
names a» cart axlc«. for which they arc well suited from their 
loiighnC'S and strength. 

A wagnifitent lortst treeof Pegnand the Straits, rising 230 feet 
an bright, and lOo Ject to the first branch The timber is ex«llent 
foi eitTj l>uj)'o«d of bouse building, but if exposed to tnoistura 
isnolduraUc it is hard and coaise-graiaed.with a powerful odour, 
and of iighl brown color. It fnmtsbes jcaorf oi/. 

This is another lofty wood oil tree of Assam and Bormah, and 
the Andirmims.nnhft coarst-grnmed timbered a light brown color, 

I not easily norked, and not durable. It la nsed by the natnesfor 
■ house biiildmg, to sawn jdauks, which will not stand e.xposure 
aad moisture , , 

The tree ptodncingthc ,Vy/«6afiia fruit, is distributed throogu* 
out imlia, furnishiBg a h.nrd and durable wood, nsed for gua 
stocks, furniture, l»o\es and vcnccnog and turning . it is suitable 

forweil enrtjs, «s it docs not decay under water. _ 

A comnwMi tree throMj^ioot India and Bormah, with ft profnsion 
of bnlUant scarlet Uossoro*, whence it i* tolled the ‘ Coral tree • 

3 t furnishes n soft, white, easily worked wooil, being light, but of 
BO streugth.and eaecrlT attacked by white imta It is used for 
*cabbard«. ti^s, light boxes and trays, Ac- It grows very qnickly 
from cBiiiags. , , 

Tills is not an Indian peons, but many species arc now being 
naluralireil in bolh the HiUsnnd plains of India, imporlcd from 
Australia. Sutneient time has not yet elapsed to estabiiah the yn- 
Ineof the “AlHepww” nnd otlicr Eucalypti wJien grown in India. 



66 •rEBOXXA ELErHAXT*~' 
(.luronfiacPif.) 
j SO I S24S I 13000 I ■ 


67 *Fici:s Elastica. 
(,Moraefct,) 


68 *Ficv3 Glojicrata. 


house and cart bnilding ; and in some places cmplorcd as Bailiray 
SlcopcTS. 

The Cnontchonc fig tree gTows on the Hills of Assam and 
Silhet, bnt is to be found as an imported tree in other parts of 
India. The milkr jnice is extracted b^ incisions across the bait 
down to the iro^ : oOozA of the jnice furnish ISoas. of Caout- 
chouc. 


\ 40) 2113 1 12G01 I oSS | 

I 20?i3 I 


69 ‘Ficvs ISDtcA. 

I 3C I 2S:C1 015T I COO 


I c*t trees of India. Its nooil is bro«n colored, light, brittle and 
• co.sr«c-gr«lncd, neither stronsr. or durable (except under water, for 


70 *FICV8 ReUcjosa. 


1 34 I 2434 I 7333 I 334 

1 23ri I I 433 


71 *Gmcu.va Aroorga 
( VtrLenacff.) 

I S3 I S1S3 I I 


whMi cause U is U'cd for well curbs.) Ibc wood however of its 
pendent aerial rooU is strong and tough, and used for johes, teat 
poles 

The Pftpul is as w idely spread and w ell known as the banyan, 
I and with u is planted ne.ar temples and tombs, and in sacred 
groicA Tbe wood is sunilar in appearance, chanctenstiesand 
' cses to that of tbe Banyan. 

A large forest tree •* - v-j*. — j t>— — -i. 

a suitable tree for • 

I some flowers. It h * 

' not ibnnkiag or w 
water- it is howci 


72 (fl) •Grmvia Elastic.^. 
(i) Gsewia Tilkefolia. 
{TiUaceir} 


I 34 1 2S7C I 17430] 3G3 j 

73 GUAITFRIA EoSGIFOLIA 

(Anonaceae.) 

j 37 I 2SC0 1 14720 ] 517 j 

74 llAIIDWlCKtA BIXATA 

{Ltgumina.r,) 

1 85 I 4379 1 1201C I 942] 

75 llEKITIEBA MlXOR. 
{Sterculiaceer.') 

\ C4 I 3775 I 29112] 810] 

his! 


Horr..s Ot)OR-4TA. 

{Vij'teracf^r) 


The woiil IS sciT light and flexible, but is not used except for 
dmm cylinders 

An elegant, tall and erect tr« of Central and Southern India, 
fumisbiDg o red or dark, colored, very hard, very strong and 
heasy wood, useful for po'ts, pillars, and piles and’exccllent also 
for ornamental tamcry . 

This peculiar, gloomy looking, tree, Inowm in Bengal as the 
“ Soondrec,” grows on tracts ocea'ionally mandated by the tides in 
Ttnaascrun and the Gangctic Delta, (giving their n.amc to the 
I Soondcrbnnds ) It is thc’ioughcst wo^ that has been tested m 
i India, and stands without a rival in strength, and is n>ed for 

£ ilc«,mvcs felloes. Spokes and carriage shafts and poles. It is 
owescra pen-habie wood, and shnnks much m seasoning. 

One of the finest timWr trees of BrilKh Ilarmah, s 'mctinics 
reaching 8t> feet ui height to the tir-t bracrii, and 12 f«t in 


77 


'IXGA LeCIPA. 
(AeyvniRarcr.} 



2S2 


TIMI5CR, 


yp. j w t ]; i j> } 


54 ‘Dalukrcia Sissoo 


CO I 402J j -ilt'-N i 
I 3C10 I-MTJ ! 


55 Dii.lem\ I'l.ST vra V 

( J)tlh flint ! ff ) 

J 7»i).Wii 

56 *I)Il.tt.VlA 

I I3(.'U I 

57 Fnj Si M 

l Llitimcfir ) 


-'J i 


58 Pirianni'- Hit'-i r\ 

{ i.O j I U'" <" i ' >’ 

59 nwr^nns Mr! i PS 
I 8t ! co'.ft 1 iwj I H'O 

CO Diosnno^ T'>vust<’<\ 


62 nirrKRrtc^nivsTrttDi- 

> ITl « 

I |5j33'-r.l ICfi'OI r ..2 

63 "Jliim-iCA orritrs\!!A 

[t'uphfrl'inftt ) 

1 u-M» I :..,3 

c4 'r.inTtiRISA IspICA. 


CS "niTAtYrTrA. 


1 htn* is scarceij a tree in Irnlia which licscrrrs more ottcnlio!! 
I fli-in Ihe fiftim, taLtn;; iiilo acconnt its bcantj and n?c', ami Its 
jn^wth in eserj sml. It N paii! to ntfuin {icrfoction in 2S 
>tars ltt->ui<k’h spead tliroiighJiorthcni nad CcHtrallniiia. ami 
>•4 more a^l tli m ani tree for nicnues along roads and csnsl<, 
ami fi>r plantnu m (’anUmmcnU It furtiishcs the ItcngMl Guo- 
I image agtniii « mtli thur best timber, and is the liC't of all 
linh III noiiiis fitr jiiimi's «or!». tables, chairs anil famitiire. 

A ’•f.n, ly ai«i saiujble /j>rcst ttvc of Routhern IinJia and 
Biiminh. fiiitushing^oiiicof the jioon spars of conimcrce. nie 
. w.vhI is «v.<J IB and -hiji hnilding ; being cl(i«c-graincd, 
' t'rtigh. ilnralilc, (cnn iiiuU r-groiiiid,) of a reddish brown color, 
not *a-ili t». rbi-d, and sutijut to nnrp and etnek. 

’i ht { hn/fu IS ji Urge uini «»niamfHtal tree of India and Bnrmah, 
'»!Ch large fnigi »i»t «hiti‘ Hinsers, cdiMc fruit, and light, rtrong, 
light br.ittnwiawlof the s.mK general characicnstics with the prC' 

Kcliiig tt\<' It is u^d III house budding niu! for gunitocks. 

*1 hi tmi* ireo grows la Cciion and Southenj JndiA 

'Jills ln.>u I i» ik<h l/luk.thc outer wootl is whilci with 

.ids am iiig igf thv hlixk wimd imreases It is much nffecteil bs 
fin w. ahn, so rhat it ii seldom Hictl, fxcc/d in tcnrcr, floddrh* 

<l«i« «U*1 <o*th 4 4*'l|lt| 440lk 

tiiiddh -i/.d t(«. <1 r, ijoii and Coromandel, fumldiing me 

. Ilf ihi f It/ll i.niuhr n.Nsis lit tDinmerrc, of a chocalntc color, 

' wuli Id ».k ..tuftks «ud m irks p«titiiied for oniAincntal pums^ci : 
SI .Us ,.nd uluciiik tft.tiuiiabk id logs IS (cct long, 4 mt in 
giiih 

: '1 hi' IS »i II rv large m-e of fiouih India and Pcjini, fumi<hlngrt 

. inliiiii.h i4.s«i iivr inlwMiig nml ornamcptal tutflcrv, the sap woM 
‘ white, (Ik Ik art wvk«1 c'«u gniincd, heB\3', close and black, stand* 
iiig tt high ii.di'h 

'Ibis 11 the North Indian rcpresentatiTe of the ebony-pro- 
doriiig Si.Hilitm f-irnis of Diospjros- ocennriDg In Northern 
I5i ngnl, t fiidh , a tnU ckgaiit tree, fumishlog B hard and hra* 
14 btuik w<B<d 'fhc «i.wug trees arc extenshelr felled by the 
nntMi* As ...rt oxIi«, foi whab thej axcnell saited from their 
loiighm SB i,„d strength. , 

A ll•ngl)lllll III f.iU't trreof regn end tie StrBlU,ri*{nK2./0 fret 
Ml III ighi, m.d lo'i l4 4 ( to the first branch The timber is rxcrl'cat 
, 1 >r I n ri J iirj ■••x- of hoiiso kuilding, hat if exposed to moidorc 
' IS 11. 1 diirntdi It IS bard niid 4MArw-gtBincd,wlth« powerful odour, 
(4iid <if light blown tobir It furnishes ict'Oif off. 

Till* I' nniiihir 1 »fi» uomloil tree of A».sam and Honnsh.ann 
fhr Ainlamnns, with a i narsc-gmincd timlicrof Blight brown color, 

, not < Asili workod. and not iliirablr. It {« nsed hr the naiires for 
> hoMM- buiUiiig, in ennn planks, which wiH not stand exposaro 
* and mi'isJort . , , 

'I be im I roilwTOgthc .Vyni^ofira fruit, Is dlstribulcl tlm'ugh* 
out liwIiA, funiisliing ci hard and durable wom!, ti^l for gun 
»t4« ks, funiiiurr, (Mixes ani] Tenccrins and turning : it is jnitabic 
for well inrbs. as n rfops wot decnv nmter water, 

A ««mni«iiitrtcrtmi«sh«atlBdfaand JJiinnnh, with a profiision 
of tinlliaiil emrlxt bb-ssoms, whinrc it is • alte<t the “ (r^ • 

it fiimisi.r's n *ofl, white, ca'ilv wnrlcit woo.}, fx-ing light, but of 
CO »crr(ig(h, ftuil cBgsrU attaeVed hi white ants. It ts used for- 
i.Mbbnn!s. tossjight hoxc* and troys, A.e It grows rcry r{mckl/ 

fnwa roltingsk . . . 

This Is not Bti In-lian penns, but msnv rpec rs *pp bei^ 
nataralimJ in Udh the Il.lls sn-l plains of Imlta. 

AnrtraHa. Rufn.'irnt lime has pot set elape-l li.eMabli.h the tb 
J ueof ilie ••/««<■ Bs»w- Btid other lluralypti wlw*n gruwn In India 



66 ’FEROSU. ELErUASf" 
{Aurantiaccir,) 

I 50 I S348 I 18900 [ 


. Sleepers. 

67 *FlCus Elastica. The Caontchoac Gg tree grows on tlie Hills of Assam ami 

{Moracece.) Silhet, bnt is to be found as an imported tree In other parts of 

India. The milLjr juice is extracted by incisions across the bark 
down to the wom : 50ozs. of the juice furnish 15ozs. of Caout- 
chouc. 

68 “Ficus Glomdrata. y. . • . .... . . 

[ 40 I 2113 I 12G91 [ 583 { 

1 2090 1 

69 “Ficus Iswca. 

1 sr I '>S"C 1 9137 1 fAQ I **"*'*■ Its uoodis brown colored, light, brittle and 

' I • ‘ 1 >>1 I coftr5c-gralnc<l,nciUicrstroog,ordurablc (execptnndcrwntcr,for 

Mhflh cause it is u«cd for well cnrbA) Ibc wood howerer of its 
pendent aerial roots is stroog and tough, and used for yokes, tent 
j'otes &«• 

70 “Ficus RELiGiosi- .• ... ...... 

1 34 I 2434 I 7533 I 584 1 "If 

‘ I 2871 I I 458 1^ 

71 “QUC'-IKA ARBOREA. * ’ ' • • » ~ » !■ . ^ 

{Verienacea.') 

I 83 1 2182 1 I I 


72 (a) “GREWIa ElaSTICA. 

(5) Gbesvia Tilkepolia. 

{Ttliacftf') ' 

\ 31 I 287G I 17450 I CCS 

73 GUATTrniA Losoieolia 

(Auonacfac.) 

t o- I nc-nn I . j-on 1 E... I 'Flic wood IS i^iT light uud flcxiblc, but is not used except for 
I 3^ I 2SC0 I 14.20 t 547 ] cOindcrs. 

74 IlAiiDWiCKlA BlXAT.l. An elegant, toll and erect tree of Central and Southem India, 

(icyuniiflMce ) iurmsbiug a red or dark colored, lery bard, >crj* strong and 

I 85 I 4570 1 I^OIC I Oi*’ I wo^, u»cfal for posts, pillars, and piles . and excellent also 

75 IIebitiera Misob. .... 

(SUrciiliaeeaf) 

1 Cl 1 3773 1 29112 1 8K. I ‘ • . . . . 

I 4C77 I I 1.312 j and stands uitbont a nial in strength, and is osed f.jr 

I 1 I I pile*, naics, Alloes spoke*, and carriage shafts and poles It is 

liowescr a pcfi'bable wood, enj shrinks niui h in seasoning. 

76 lIorr.A OdoiiATA One of the finest tiinl.er trees of DrUi'li Burmah, si’inetinjcs 

(Iliy/ferrteeir ) reaching 80 feet m height to the flr-t branch, and 12firt m 

1 53 I I j hOO I girth . a large boot of 8 feet Lc.sni andcarTTingl ton*, being soine- 

43 1 COCO 1 22209 | 70C | times nwde of a ample scooped-out truiiL. The wood is close 

77 “ISGA I.UCtDA. ’ ■ .1 SoWLem 

(^ejpKaiiaeia* ) ! ‘ ’ *'*.*■■ reat height, 

“ ' ■ 'y I * '.’'i Wiayss : 



ISi 


TUIBEB. 


Ko. } w { i ft i jy t 


78 


well suited for arcDiies. TUfi heart wood is hlaek, and is tenned 
Iron koo4 inBunnal}. 

'rhia "H aioable tiuiber tree i.uovrtv r 3 the Xroii tcoerf of Artacau 
I-, found chtougbout Southern India and Barinoh, fumishiag a 
wood ot ten sapertoi quality, hea'v, hard, closc-jiraincd, anti da- 
Table, audot aiciy daik rtd color . itis.bwIOEr.uot easily work- 
ed audjcMstsomis. It la evteusuclr used for bridge buildicg, 
posts, piles, Ac , and is a good wood for sleepers, lasting (when 
judieion^h &eketed, anti thoioughly seasoned) for six years. 

'I he M iil/tut IS abundant lu tbo Milages of tbeK. W. liimalaya, 
Riid Its Iieautitu! wood is used for ftll sorts of fumituro and ca- 
binet work ID the bazaars of the Htll Stations. 

80 *XtAGl-BSTRAEJiiA ItCGiitt. This ivo ino>.tbcautitulflowcriDg tree fro/D South India, BunnaL 
imd but inticxluced into the gardens of Korth India for 

the beauty of Us iu'wurmat purple blossoms. In Bnrmali it 
gi.iwx to n Ijige liM , and tbc wood is used more extensively than 
JMV otlar, cvept Teuk, foi boat, cart, and bouse building, and in 
the Miulras guu uriiage iiuioufactory, for felloes, naves, traiuings 
oi wairg'-ii-.A^ 

'lU v» generally diffused over all the warmer pans 

A-i.i, iiiid I. iixuvb t'tcuucd for its fruit. Its wood, bouever, 


79 


61 


IXQA. S^OCARPA 
68 I 4283 1 16G5T | 83G j 


JCGLANS REOTA 
(^JirgluAclaceoe.') 


(JL^th} aaat') 
iO ( SGC6 I liIJoS j 


or j 

Gf2j 


•MAr>GU'Eni I\DIC,A 

(7V»e4i«f/iotea ) 

ao I -iTio 1 I I J) 1 vniuiitv, t»ai>e iinil open gratBed, of a deep £•'’*? 

4J 1 3710 i dole 1 bd- I ,t -expwed to wet, ftuif greedily eaten by wliua 

*' ' ants It H, howevei, largely used, bcisg pleatiiul aad t®*' 


8120 1 7702 i 5G0 ' 


MEbAKORBtEA UfilTA- 
USSIMA 

(Anacaiiltacnja) 


coiiiinon iluois nod dooi)>ust5, bosids and furoitare, and also fw 
fi.ewoiMl It should never he used for beamtf as it U U»» W 
snap off shoit. . 

'Ihc Vuinish tree of Burmab forms lar« forests la cotyaoclioa 
with Teak nud S6l, nud furmsbes a lUrk-rcd, bard^heaiy. 
amt eveu-{»i«iMoil and durable (but brittle'ifl'"*'*- '* 

I Gl } dole I 1 514 j 'hcjvc bhicks, tnatliiucrv ' 

83 •ilEUA AZADAlUcti The “Peisiaa Lilac” 

(dA/iaciJ.) India, Syi la, Ac , IS om< 

1 3» i 1 u>-7 ) Mc 1 wu „ b.»terf;ri"« 

‘ bcH-l'’, s<> tlmt u H not altogetber desirable as an avenue tree, 
tJii'iigli wrv niucb plants foi this purpose The soft, red coiorcu, 
Ih-c iivtiud w<««l {resembling m appearaoco cedar) is useu 
f-iil* l*u light fuiuituic - , 

84 *Mic.Ui-t-lA (.'ll >.ill’A<.A A ivu>' tiiulm tict with, bandaome foliage and fioTvers. dn tn'' 

{.U'lffiioliuKic} l>chM Lbitunu lea<.hc^ !o feet in girth. In Mysore, trees ttieaso^ 

} 42 I i t I ui4''0««ttini;»tfa,3fcetaboveerouailleve!arcfouiid,aBii siabso 

tvvt »n bventUh tan be obtained -, ns the wood takes a beautifiu 
}.i,]isii. It makes haudsomc tables it is of a rich brown cirior. 

85 •Mit-UiGTOMA IhiRii.Nsi*' A very' banUsonic tree foi nvenoes ; tall and straight, win^ 
(CipiioniHcta) gvmcful foliage and fvegvaut white fiowers. It grows 

pidle, hut IS not long lived, and IS easily injured by storms. Xd 
h»k isipoff and spongy , the nooil is white, fine and close-BTaineu, 

l»nt •>! litllq use, 

86 ‘iliJlfSora Eleagi .'Ibw is an omainental. moic than n useful tree, powu m ga^ 

(ScijiufaccteA vtem and aicoocs throughoat India and Burnmb, for 1''^,'*“ f 

I «-i I ‘.r-* I I of Its foliage, *ud Its fragrant white flowcTS. 

1 01 ! uGoo I 1 iAjJ t Ov- 1 e ven-erainwl, of a pink color, standing a good I'«1‘ • 

mill is used for cabiocC making purjjoscs, and ordmaty hous 

07 Mill tx?!’!* If EXAXDitA^ This tree gronsin South India and Gutcrat, and furnishes vvMd 
, I »,<« I im-r I .1.1 I '<'? "™l« to to- l-rt u-’rf /» T"'!’"” ! 

J 0 u 1 Mor lonnimeiits, rulers, and other articles of tumm. 

£8 MlJlCsoi-R 1.M)ICA. This is b vaJoaUe tree of South Indm Y' '5'" » 1 Lh 

. 1 1 I Ri- \ conwe-eminrf, but strong fibrcm dnmlle w.h..! ..f a rcddiMi 

- \ <8 I Xi'jG J XdSXt i 84o t ^ ^ J J and for cun stocks. 




89 •MobingA Ptertgos? EB itA- A luiHl»oine tall tiw, with shaJr folta~r, anil of rayiil powth. 

(J/oridjacftf.) The wood i§ white an.! *oft ; and the scrariag^ flora the root 

form a pood fnb»titi.te for the hor«« radi'h. 

90 •ilOSCS In'DICA. Thh epedes of .Va/Jrriy, a* well as Morvt .Vv^iroafu, tad 

I (^ileraeta.) y>pv, are commoa fn Xorthem India : in some parts of 

the Pnnjao asd Oodh beios plantcil ia cocnection with »llh 
. worm teannp It is alaaprowa in aretiae«.for whUb, howerer, 

it is nn«n>ttd, beiop for oanr tnocthi quite bare of letTM. The 
wool is jellow, close^graiced, rerr toagb, and well suited for 
taniisp 

9d Vsrn.ri CAnt.*l!BA. A noMe ornamental tree of India and ncncah, with orarp: 

(Cl ncAoaareo".) colored Cower* *ofrettn’e« in the Utter conrtrr, rvachinp So feet 

in hripht.and 12 feet in prth It has a hard, deep rellow, loo«^ 
praioed wood, o‘ed for fcniitnrc. In the Gwalior’ Uitaars, it is 



92 •XaCCIL.A CORDtrOl-IA. 


I JO t'-ftr > I iftisi « rfi I in aptwsirnee Box, hnt light and more cxMlr workrO, 

1 1 *ir- 1 T/tc I aod terr sowei-tiUe to alternations of lempemturt. It is c*tc<iDed 

' I 3<0« 1 1 I *n ornamental w«wd for eabiret pcrpi'ses. 


93 •XaCO.EA rARTtrLOtU 
1 «| I 1400 


94 •PaotBii STLvrrtRis. 

I SO I $313 I S3:C( 313 1 

95 PlCLA M’COOtAKA 

(Cea/er#) 

I I I I 

96 I’IXOl UxCtlAA, 


97 •ri>C9 LoacilxjLiA- 


forthe*f«s*-'y’<xtrsiied fn>m it. Tte tmrks are B«ed f'f tempi** 
rare bndges. reseto'ent piling, and water eordnitA The wood 
i< lifowo ard en»sirts<ned. auJ nit rtrr itiwng 
The s</ree ee, of the N* iv llimalssa. powt at high altitsdeti 
t/v tv<<s> lest »n da'V v mbit ti rt'ts ani natbes {r\ci 
K»M.> 2is>frtt in b«uht.wuh serr short straight Utenl I ranches. 
I'be «s«>>l It white, odt. etMlt »| lit. ai I Qted at tLtc„le for roof* 
isg. > Ut It n-'t cererall* satuol as t mief 

A band*- me I -ft* | ire growirg at altito Jet of C^CO to 1 1C«^ in 
tie N ^\ IliciaUja. an 1 iLn-i** irg a frs n-'Ui wo>sl, nech o»«d 
(•■•r faml<acx it it •Iv'a* U ant eU'»*-trca”el , tiuih t«ed (-jc 
boniing <ham<nl in ihe I ill* ard iNi ('>r I uiP. rg 

Tl-e I tig lrase.1 line is t‘^e frst « f th t g*-cs <* 'I'red 
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71 USEII. 


No. { -yy ( 3 :^ ! /i \ P \ 


78 INOA XTLOCARrA. 

{ ea } 4233 I 13337 ( S3C { 


79 JCCLASS Rcc.rA 
(Jnt/lufic/acra ) 

80 •Ij.0l.USTUAl.31IA KLt.l.sa 
j 40 f CC 35 1 Ij.ij'd 


SI •.VjASOJl J.UA 1M>1< 
(7inAiii(/wc(ii } 

1 42 lari') I 5 ^•l^j 

j I 8120 t 7702 1 500 ! 


82 Mci.AKOuna:.\. L'sita* 

ms 9 Ji»A 

( 4 nti('u>‘iiuc<u ■) 

1 Cl I 8010 { j 5U } 

83 *Mi:LtA A^adaicacu 

(.l/« /tai'ce ) 

I JO I 2510 j II-'T: t 3.»0 j 


84 ’Mu 1U.I I \ < H \MI A 

( Mtllittl'llu, i 1C ^ 

! 4-’ ! ■ i 

85*M1LU3CT0M.\ H'-nihSeJS. 


C6 ‘-MiJlL'hor& Klim.J 

I r,I } 2 € 3 J I UCi,'' I 0..2 1 

C7 Mi>»fv>r.4 Jtj„\AM«jiA. 

{ 7 o 1 i.‘>H 1 H'M,; I «»ll j 

j 44 j 4 .'y:lvj 5 .'*j H 3 } 


w I'll suited for tt»wracs. The heart wood is black> and is tcratd 
Iroa nootf iq Humuib. 

'ITms ^nluablr timber tree kiio^n as the Iron vood of Arwean 
!•> fouoi) tbiou^bout SoutbffB ladia and JJurjnc)), funjishm^r a 
v.\xk 1 o} ^cr^ bupcnoi tiimUty, lica\y, hard, closc-uraiticd, and du- 

rnbliMinduf aservdaih red color . 'it is, however, not easily worV* 
«l aud remtsnaif^ It is extensnely used for bridge building. 
)i«sts, Jules, &t , and is a (rood wootf for sleepers, lasting (wheu 
yndii loti'h Mkitetl. and ilnnoiighly 5 ensoncd)f£'r el.^ jears. 

'Hu n «/»!«( !•< itbuiulam in the villRgesof the N. 3 V. Iliniaiaja, 
uiiil uv InKutiiut v«K«l w iiHil for nil norts of furniture eud rn* 
I..... > .,( 1 ^ IQ tht iMt/uars of the Hill Stations. 

ji u most bcantitui flon enng tree from South India, Burtnau 

n>id A'"ani, but infiwlutcd into the gardens of North India for 
the hvAHtj i»t Its hiMinttHt jiurjdc blostotas. In Butmah it 
}.i«ws i,» a hmjv tm , mid the wikkI is used more extensively than 
HU' ''tilt r, vVt J't 'Kill., for boat, cart, nmlhoii'e building, and m 
till Madtub gnu <.ariiagc maiiufacton , for felloes, untes, fraiumfe'S 
Id oauf ■»>'.&<' 

•Jh. M.ih.x )i g.mralh ili(T««ed over all thcMRmicr piw < 
il A'l'i. iiiid Is iiiuih t'titmed tur Its fruiL Its wood, however, u 
, I uit*.iui i|u»hev, vouiM* ttod cjicn grained, of n deep gwy 
- •ba, lUvii'itia It cv|><'-«d to vict, and greedily f«tc» by 

ft Jioinur, Idtgfli used, being pJcDti/ul and elieaj', fcj 
tointiiOTi duota and d'K)»|>osta, boards and furniture. 
h .'o.kmI ii should uever b« u»ed for btam$, as it is Ushie to 

Simp uS short. , , .... 

i he VainitA tree of Bunntdi forms large forests in conjttnelica 
v'itb Ttiik aud bal, niid lurnishcs ft dark-red, hard, heavy* 
iMid t 'vii-urmucd and durable (but brittle) timber, oseful for Wl»c*» 
dieHtc bUM.ks nmihiiurt, nulirai slecncn, &c. 

'Ibi. “l*'Mm«Lihiv" ot India TvJnchproi '8 throughout uaiM. 

ij. Ii 4 . b»m, Ai . oninmiotu! when jn full foliage, aod cexm« 
wilh Mu.t M.i.lid lilac flo«e« but it is deciduous, nod 
.d 1 . lives j.,r i.mtiv showing then only Bs buiiUicsOf 

* s.. cjuit It is not ttlto|»i'Uier desirable ns 

till iiuicli idautoil f«>r this parjiosc. The soft, red : 
I* •. UMiNd M's-l (rt»tHibJing la appearance cedar) Is u'w 

• i,h I 1 }i_l>i tniiMtnrc . „ .v. 

A HIM luiiliii ti<i with Inindjomo foliage and flowers, iu 
J ». I.i« »i »i .«b. s tb led in girth Jo Mysore, 

11 ),; Jill iMgiiib, J Jill aI>i*vc- ground level arc fDnnil,and si 

f..l iH hnadthiau l«e i.bmincit , na the wowltuhcs a beaniiiui 

(•/dj>b, u mukcs iMuib'wm laWes jj is of a rich brown color. 

> baiidiome tree for uiinues i tall 
(.rn'iful foliage and fragrant white flowers. It grows vc , 

, * lU, but IH ti.d h*g lived, ntid » tasil) iiijurcd by 
h .1 k iH i..if t niwl spongy , the wooil is w bite, fine nod closc-gramcu, 
I'lit of Fittle use. , . 

»’ihi-v M aw onwmental. mori' H— - - ■ ^ 

dcoH aimI Avenues thr< * , 

of Its fuliBgc, and Its f ■ ’ 

nnd ivcmgraified * ' •* ^ uouve 

i.nd IS nveil for taWnc > . • ■ 

b(lsidlog 


ibis lire crows la bontb inuiaaiui uuidu., » . . 

dry .imllnr wthc last nwd,me. b-r rlmiUr r«nx«cs i and 
f- r lasirumciit*, rulers, and olhrr nrlleles of tanirry. 

Ibis f. A valuable lixv 

coene-cnlncd, but strung fibnmi durnhle .,„v. 

brown color i used forhuu.c building, “*d for gan stocks. 




TIMBEC. 
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No: i w~ r Ed I yT \ ~f \ 


•Mooes Indica. 
{ileracta ) 


NaCCLEA CADirUDA. 
(CincAo»iflf*ir) 


89 •MonivOA PteoYGOSOEOMA. A hand^otoe tall tree, wUh fhadr foliajrc, tad of rapid prowth. 

(d/ori fl^aertf ) Tlic wood i« white and aoft ; aiid the scraplajs from the root 

form a pood fnVtitute for the bor^e radi'h. 

Thia apeciesof JHulterrij. «« well a* .Verwi Muliieavtu, and 
M. yigroy are common in Northem India : in aortic parts of 
the I’unjan and Ondh bcinp plantcil in cortiectmn with lUk 
worm rearing. It U also prown in areiinc", for which, howeror, 
it is nnanited, beinp for manr month* quite bare of leaves. The 
wood i« xcllow, close^praiccd, scry tonph, and well inited for 
taminp 

A noble oTtismental tree of India and Pnrmah, with oranps 
colored flower* aomcimic* m the latter coontry. riaehinp f 0 feet 
in heipht.and 12 feet in cirth It ha* a bard. Seep ycUo«r, loow^ 
praitied wood, o*e.l for fnrnitnrc In the Gwalior bataar*, it is 
the ev.TWTOOvie^t hwddiwp tm\Wt, and v* wwicli o«cd for talttrs on 
acronntof ebeapnessand liphtnt**, bat it u obtained there oulv in 
rraall aeantlinp^ 

92 •NaI’CLLA ConWroLlA. 'IhisUal^oBseTjrlanretrcc.withaaoftclosceven-priine'lwoo'l 

I io > I mill I ri*i i rc*'‘‘i>blinc in api«e»rence B^x, but lipbt and more ra'ilr worked. 

I “ 1 oo? K*^^*** I »'rtJ 1 and vere ansfcptible toaltemalions of temiyratnrc. It ii esteemed 

' I ds ‘ I 1 i as an ornamental w<,od for cabinet I crp>'*c<. 

93 •NaccILA rABttrwtU. Alaepefine timUrIree . withawn<«lof fine prain ea»ily wotk- 

I ,,, , , , ify, , ed. o*ed for floorinp |ilank*.raflinp boar* anil cabinet pnrj<r«e* t 

i ** I I I * It 1* nioeh ii«c«l by the wichI canera of babarnni’'’re. 

94 •I’JICCNIX SvbVreTBIS. 'lIilswiM'*dafcy>of"**’ Bes-mmon all oirr lndia,BndiiTilBed 

(ikifmuce* ) fortbe •f<*#-/y’e»tra».ie<l from it The triinkt are i}*«d for tempo. 

I an t e*i* I b**o i era i tary bridpt*. revetment pdinp. and watet C\'ndnvti. The wwA 

I 331 MIS) 83-0 1 I l,brownat.denA-L*tain.d and 


PlCiA IVunuiAXA. 
^Coni/ir#) 

esi I I 

I’lbVH IlXCClAL, 


97 I/Ob«;ii'OUA, 


' Is brown ami eross.ptain*d and ned *«ry rtrwtip 

Theai/ree fVp.ofibeS W llinitlaia. pruwa at Lleh altitadei, 
v> f^**> t\«\ »w d«tk e-AnVie tv Tests and teatbes Inea 
ICO to PoO fist III brubt. wiib sere eliorl itnipht Uteial brancLra. 

' 1 he wi.al It nbiie, a-dt. easily •; lit art 1 bird at tLic^le fvr r*j(. 
liip.but I* n«i pet'iralli salotsi as tind'er 

A bai>J«.>tiie bdis i.tne cr>>«u>p at altitn let of C^OG to UCGGin 
ibe S t\ Ilimalaja. ant lun.i'bii 2 a ri*in’>u» wvvsl, mtjth Bsevl 
fi.f flamlsaiis it is duraide aol il ■se.pratiirj . r.oih used f-r 
btiriiii'p <bans>al in ibe lull* and aKv (nr I ml tirp 

Ibe I tip based ‘tlnsr pre u lie frtl if iLo perns i ’ 'alMsi 






38 R 


TIMnER. 


Ka Y w I 1 /t ! /> I 


large 

cart 


124 'r£B3ri.VAi,u Tomkxtosa. 


125 

Tn £<5 vT-siA , Pop CLs- ha. 
(l/nfcnceof) 

I 

•l9|S20t| 18149 j 71G 

126 

•TnrtriA NewPtortA. 
(_£uf)htirbit7ce<r ) 

127 

UtJtLN I.VTE0RIF01,IA 
l^Olmiicea.) 

128 

*ZlZYrjlVS JtVCCA 

1 

sfi)3:3i 1 18421 1 cr: 


&c : «liubsnppli«i«ltcn»y,!«tn>ng,tiurableflnilclasfic«ooj. It 
is, i»owc»er, n diflicuit I'niibcr lo work up, nml splits Irccly in tv 
sttoations A (pxnl unoil forjoist*!, beams. tic-roil«, A.C., 
nncl fui* railntr porpo^es, and is often sold in the market under 
the n.ime r>f sal, but it is not ciiuul to that Mond. 

I'he Porha tree of Madms >$ much used for nvcnvws, from iw 
hand-ome apjararance. It grows mi'st riipidlv fom cuttings, but 
the IrccH so arc hollow •ceHt^Cll;ftllllon^> useful for firewood, 

bccdliog trees funiish Apalc red, slrimg.sfmiYlit.mid eien-grnin- 
cd nnod, easily worked . n«cd for gun-stocks and furniture. 

This IS a large tree, froin 40 to CO feet in height, fnniisbiDg a 


f /siu* f om/icrtu*, &c,erowingin the N U’. IlimaJains 

loft' han<l<-.me trees, often pkinted ns sncrcil trees hr temph’A 
The Jujube or Jfer ts n small thorny tree found pro'«trg all 
O'er Imita atwl Uarmah, and is cuJtiiated on account of >ti fniJL. 
The red dark brown worn! is bard, durable, close and eun-grained, 
an-t «<H ndautfd for coWnct and ornainentol work. The lenres 
arc cxtcnM'fly a«cd to feed etittle (n the ronjab. 
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vernaculah ixdex to Indian trees. 


List of Local Sjnonyms of tlic Trees cnumcratcil in llic Preceding List. 

be. Bftifaih. bn. Burmru. C. Caiiartu. e EajIaS, g. Oarhrral, b nmJus'.tni. k. Kunaiturtt, 
te. Ttiotifoa. te Tfimil, 


A. 


CftonlchoQC tree, e. 

C7 



Ca^nirina, r., .. 

41 

AT>ja, h , . . 

20 

Cntcchu, e., 

3 

Abnooe, h, 

67 

CvJer. e. 

41 

Aten, . . 

122 

Cimiidnna be, .. 

lOS 

Aclaj, #£!., 

45 

Chandana,m,7a , 

Ibb 

Aui;r, 6w., •• 

Cl 

Clitc1,A, 

97 

Akrot.A. .. 

70 

Cheer, A , .. 

97 

Am, k 

81 

Chickrassi, be 

4S 

AmbLi, A, .. 

6.0 

Chittagong, r, .. 

43 

Amuloo, A., .. 

42 

Chulia. At, 

6C 

Aiijili, <a, 

14 

Chumpa, A, .. 

84 

Aimla, A , .. 

C.1 

Chomi'aka. be. 

81 

Arjuii, A , 

no 

Chumpakamo, fr , 

84 

A«an, A, ,, 

124 

C>connut palm, e , 

47 

Atuks, (8,, 

73 

Coral tree, e , .. 

1.4 

Atti.ta, .« 

03 

Coramuadalum, ta 

, 58 

Ancha, ta., .. 

T4 

Corktree, e, .. 

85 



Cotton tree, e.,.. 

30 

B. 


Cnddapah, ta ,.. 

21 

Babdol, A , , • 

2 

D. 


Baer, A., . . 

128 

Date palm, e., . . 

94 

Eoheera, A,, . . 

120 

Deodar, A , . . 

61 

Baibja, iu , 

60 


41 

BaMee, A,, .. 

60 

DhSkA,, 

S3 

Bakala, bf., , . 

80 

Dhamin, A., 

72 

Bamboi, A» , .. 

40 

Dbamnoo, A , .. 

•!'> 

Bamboo, e . .. 

19 

Dhao, A , 


Ban, A... 10C(a5 

Dhoon Sirris, e , 


BaQ% A., .. 

19 

Dboura,A, .. 


Baoghi, c., 

7 



BeiasaLA, 

102 

E. 


Bk.A... .. 

37 



Bhojpntra, A., 

27 

Ebony, e , 57 

,59 

Billn knrra, fe.. 

40 

EcJjnl, A, 

20 

Bitti, c, 

62 

Eengycen, bu , 

112 

Bj'wlieen, bu , 

65 

Eeta, fe. 

91 

Blackwood, e , 

32 

Elm, e., 

127 

Bokaio, A, 

83 

Erool, 

78 

• Boomaua, bu ., . • 

12 

Erupottn, ta , 

62 

Box, e 

34 

Eruralu, ta , . . 

78 

Bnkkam, A, be.. 

30 

Ejne, A., . . 

124 

Bur, A 

CO 



BurKat,A., 

CO 

F. 


Barhnl, A., 

16 





Fnimd, A., . > 

C4 

c. 




Calamander, e , 

68 

G. 


Cane,«., ,, 

37 

Gandaga, e,, , , 

108 


Gnmar, be, . , 

71 

1 Knith, A , . , 


Oongilam, te , . , 

112 

1 Ivnki, e, .. 


Cooler, A , . . 

CS 

1 Iv il.i |am, be , ,, 


Gn-ioshnoay, bu. 

42 

Kail kiekor, d.. 

2 

Gnatn. r. 

lOl) 

Kamha, A , .. 


Giimlicr, be , 

71 

iriiniiir»1 1, .. 


Gurraimb ulam,re., 115 

Kanaro, bu , . . 


Gnai douk, bii , 

48 

Kaiitul, 6r, .. 


Gio,6u., 

no 

Kanieen. 6«. C 

, C2 

H. 

Ilanec. e, 

101 

Kiiral.aiit, te, .. 
Knraiij, A , . . 

Kasneer, A , . . 

Ivniiiini;i. ta , .. 

121 

93 

cr 

Honiu,c, >. 

lOJ 

Ktrlmum;, A . .. 

44 

Horseradish tree, r 

89 



IltanAw, 

31 

Kenial. A. 


litem, 6 k. 

9J 

Kcekur. A . .. 


Ilulda. A . 

121 

Kbair, A, 


Iluldoo, A, .. 

92 

Khaioor, A, .. 

9+ 

llura, A , 

121 



Hurda, .. 

121 



Ilurdoo, A . . , 

92 



IljcebceD,6tf , .. 

123 

Kimi. A 

87 

1. 

Imlec, A , , , 

117 

Kobin, 6u., 

Kokoh, 6u , . . 

Kondatangedn, te 
Koramanu. te . 

no 

18 

78 

32 

1 >C 


1 — 1, 

no 

J. 

Jack, e , 

15 

Kuchnar, A, .. 
KuJumb, A , 
Kakknr, jt., 

109 

33 

no 

24 

91 

Jambai, c , 

78 

Kumbala, 6u, ,, 


Jamboo, A , 

78 

Knmbhi, te. .. 


Jamoon, A , 

nc 

Kumhar, A , ,, 


Jarul, A , 

60 

Kurroo murdoo, bu 


Jeepota. A., 

105 

Kurroo oallar. te. 


Jhund, A , , , 

00 



Jnngti hadam, 6e , 

115 

Knraqr), A, lOCfcl 

K. 

I^da lipoa, ta . 

80 

Knrunj, A , . . 

Kussumb, A , .. 
Kuthbel, A, .. 

OS 

no 

cc 

Kadam, A . .. 

91 

Kyaitha, 4u, .. 


Kadhalssa, e., . . 

14 



KadoQ kadet, 6u , 
Eada kai, ta , 
1W1,A. 

A, .. 

48 

121 

96 

93 

L' 

Lakooeba, A., , . 

1C 
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I»aku clianma, tp., IG 
Leaar.ff, .. Cl 
I^eem, /:.» . . 96 


jrflnli. ia , 
Mnh«ah, ft , 
Maljnn, h , 
Mamati, ic > . 

Man^o, e , 

Manja kaJamba 
Mashoaj, In., . 
Ma\ena, <J, 
Mauli, 

Mohe ka jbar, 7 
Mobru, h , 
Morinda, y > • 

Moohiirce , . 

jlulbwry, e, . 
MnUari, ft. 
^tulu\el^gaJ', <«., 
T^Iuogal./u.i 


Parus, ft., 

125 

Saj, .4 

118 

Thitsi, 6a, ,, 

82 

Parus peepul, A.> 

123 

SSI, A, .. 

112 

Thoonben, An.,.. 

14 

Pasbi, fe, 

49 

Sampangi, e., 

84 

Tliouro,/!, .. 

SO 

Paunjireb, ft., .. 

64 

Sandal, e , 

103 

Thrinamaratn.fd. 

26 

Pawoon, .. 

35 

Sandun, ft , 

53 

TilcagUrjun, be., 

62 

Ptd<la kahngfi , 

5G 

Saukhoo, A , 

112 

TcK*n, c h,ta , . . 
Toona, A,A, .. 

43 

Peddn niaoii, te. 

10 

Sap]ian, e , 

36 

43 

Peema, fcK., 

80 

Sarala devadara 

fe, 2C 

Toot, ft , 

Tds, ft 

DO 

Peepul, A , 

70 

Satin wood, e.. 

46 

95 

pecnarec, fa., ,, 

115 

Seesoo, A , 

54 

TouUyau, 6if , .. 

119 

PccHirad(*o, in , 

78 

Sect, be,. 

4 

Tounbeio, 6*., 
TnncDin.i}lee, be.. 

17 

Pem mar.iin, ia , 

10 

„ bU., 
Seevnm, ft. 

11,8 

26 

Pcihftn, 6w, .. 

29 

71 

Tuki.fe, 

57 

Phulalu, A, .. 

G 

Semut, A., 

so 

Tutnal, A., 

GO 

Phiiltloo, A, .. 

93 

Sha, 6«., 

3 

Tmiibali, fa., .. 

59 

Pillji. ta, 

15 

Sbamt he.. 

9D 

Tomidft, fe, 

59 

Pindrow, A , . . 

Pinnax , ft , 38, 0 
Pogada, te.. 

9, 55 
80 

Sbec^hnIn, ft.,' , 
Shemraarain. ta 
Shunisbad , A > . 

54 

114 

01 

T•l^kA^o ps>,ff., 

u. 

S3 


Na?el.ft., .. 

ke., . . 
^’ar.■ieppa, /#, .. 
ICnael, (a,, •• 

Keem.A,, .. 
^Tellikai, /a,, .. 
Kalla tooma, it., 


Pndonk, iu , 
Padrie, ta., 
palra, 4P., 
I’fljlie, fa., 
Pfllrt, Jfl , 
Palana, fa,, 
l'nltnjra,<'., 
Pnnn«o, te , 
PsoKali, iu., 
Paphri, A., 


Podli, /a, 

P<>on, c . 38, 55, 

„ (jfd) <• , .. 

Pon;«>, 7.». ..3J 

Pora'n, fa , .. 

Pores!* 4e , . . 

Portia, c, 

Peak. 6 k, 
P*.la<iamij, te., 
Ptila^s. A , .. 

I'undnioo, ft , 
PungTrt. ft , . . 

I’uttuapa, <a., .. 
Pmandi, fa, .. 
Pu^^^oarnm. ta., 
I'* an kada, ftu., 
Pjen nah, iu., .. 


nai, /I., .. 1 

Ranjftna, ft., .. 9 

lied gnodal, 103 
Reeta ka jhar, ft., 109 
PotiQn, 6e., .. 114 

lloohoonn, ft, .. 114 
Ilakto chandaa,ft,6<', 
[9, 103 


S. 

Sadachoo, (n., 
fclgixjn,.. 


SlmctMl, 6^., .. C2 
Slab Toot, A , . . IK) 
Sims, .. T 

5ms«oo. <•, a. ff , . . 54 
Soap n»u tree, f , 309 
Stumulft, te, 314 
SuhajH.-), A, .. SO 
Soomlrcc, 6e., • • 7.> 

Suffri am. A., » . 100 
spiifl.a, .. or j 
Sundol. ft , 108 I 

Sutra koanoy, fa, 42 ; 


Tat roarntn, ta., BT 
Tamannd.e, .. 117 
. 77 

Teak,e., 218 

Teiogyct, 6 k, 3C 
Tcka, fe, .. 118 
Telia tuma, fe., 5 
Tendon, A, ..CO, 69 
Tenkaia, fe, 47 
lliab^oo, 6u , .. 50 

'fhatTO,fe, .,72(6) 

Tfaa}at, 6if, . . 81 , 

l(>tC'^a,6u, Ill 
Tltembakamakn.ftK ,18 
Tberflpee, 6 -k., . 38,30 
'lliow-, .. C3 
1 litngoQ. 6u , .. 7C 
Tltukado, 6 b , . . 43 


Vachi.f, .. 7 

P'Ringn, fa., «. 102 

Vapiim, ttf, ,, 18 

Vflfnlsh tree, ^ , 82 

Vc!!ngR,f6/ .. OG 

Vclk kadumbu, fa., 91 
VeUam./a, .. 66 

Veljav nagft, fa., 60 

Veluelatn, ffl., 6 

Vepa, /e, 18 

VumiDai, fa, .. 40 

V!HBfflarara,fa,, 46 


TTalnnl, e., .. "9 

Wodole, fa., ,, 3 

Wood apple,®,, GG 

Woorl oil tree, e,, 61,62 


Yeenpr«, iu , 
Yendike, 6 k., 
Yetaga, f , 
Viinma, bu., 
Yoong, bit , 
Yanip^'ce, 6 k., 
ZinbuiD, Aj/ , 


CHAPTER VI. 

METALS. 

163. The metals used in building arc Iron lead, copper, and zinc, 
and some of their alloys. The purposes for which they arc employed arc 
fertile making of nails, screws, bolts, straps, tics, beams, girders, pillars, 
pipes, gutters, and the covering of roofs. The metals just enumerated arc 
not found to any great extent in a pure metallic condition, but are met 
with in combination with oxygen, forming oxides ; sulphur, as sulphides ; 
and with carbonic acid, as carbonates. The term ore is given to these 
natural compounds of the metals. Geologically speaking, these ores oro 
generally found amongst the older rocks, the mica schists flnd clay slates, 
or even in the granite. Iron is the largest exception to this, os it is ob- 
tained olso from the carboniferous formation, and sometimes in large 
quantities from still more recent strata. 

The metallic ores occur in these natural beds or strata in detached 
masses, technically called lodes or veins These appear to liare been forced 
into the beds when they were in a 6uid state and under powerful pressure, 
and subsequent to the formation of the beds themselves. To reach these 
veins of ore, great expense is incurred in the sinking of viines, along with 
their attending passajes, levels, adits, &c. The result of the mining oper- 
ation is to bring to the surface the ore more or less mixed with earthy 
matter. To separate this earthy matter, the ore is dressed. This process 
consists in first picking out by the band all the pure ore ; what is rejected 
in the course of the picking is then subjected to stamping or crushing in 
mills ; after which it is washed iu a stream of water, the object of which 
is to separate the earthy matter, which being very much lighter than the 
ore is carried away by the stream, white the ore itself being much heavier, 
is hardly moved out of its place. 

It should be noticed, however, that iron ores, inasmuch at they occur in 
beds or strata by themselves, can osnally be separated sufficiently pure by 
the miner, aud therefore but seldom need the subsequent operation of 
dressing. 
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To obtain the metat from the ore, U must undergo both the processes 
of roasiing and smtliing. The 6rst of these operations has for its object 
the roasting or burning out of the siilphar or carbonic acid or water, 
which are combined with the metal in iho ore, and the operation also 
renders the mass more porons, and therefore more fitted for the successful 
carrying on of the next process of smelting. In this last named process, 
the ore is mixed witli an appropriate flux or reducing agent, the constitu« 
ents of which having a great tendency to combine with the oxygen or 
silka of the ore, form compounds with these, while the metal is at the 
same time eet free. The operation being carried on under an intense heat, 
the fusion of the metai takes place, and that along with the great weight 
of the metal itself, geneially secures its thorough separation from the 
other foietgn substances combined with it in the ore. 

The motiil is now subji-cted to rejining, which m the main consists in a 
modified repetition of the smelting process, combined with certain mechs- 
mcnl operations. 

154. Iron ~TTas the most extensire application of ell the metals. 
The chemical forms of its oies are either an oxide or carbonate. Most of 
the British ores contain from 2f> up to 60 per cent, of the metal } if they 
contaiueU much le%>s than 25 per cent., their working would not be profit* 
able. 

155. Cast Inoy.— In tingland the ores are generally interslratified 
with the coal necessary for their reduction, and in close proximity to the 
monntain limestone used as a 6ux: but in countries where the fuel and 
limestone are not in the vicinity of the iron ore, the manufacture of the 
iron cannot be carried on in a profitable manner. To obtain the metal 
from iU ores, these arc subjected to the two processes of roasting and 
smelting already generally described. The smelting of an iron ore is con- 
ducted ill a large upiight fuinnce, fitted to give a very high temperature, 
and to permit of the furnace being worked continuously. The materiais 
etuph'yed are the ore, fuel, and flnx, along with a full supply of air. 
Charcoal is the best fuel, and then coke: and these can be used with a 
“ cvld blast ” of air in the simllmg furnace. The choice of flux depends 
on the nature of the ore. For argillaceous ores, lime is rcfiuired, but for 
calcareous ores clay is added. When coal is tho fuel employed, the a/r xs 
forced into the furntice in a healed state, constituting the hot Mast. 

Smtlttng. — Iho changes which ensue in tho furnace are shortly these 
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Tlic oxygen of llic Lot blast meeting llic fncl, combines wltL its carbon, 
giving out nn intense heat. Tlic carbonic acid wLIcL results, coming in 
contact with the heated combustible matter above, is converted into car- 
bonic oxide; where this lakes place, the furnace is comparatively cool. 
The escape of a large quantity of lids gas along with some hydrogen, and 
carbonated hydrogen, also obtained by the action of the heat on the fuel, 
constitutes a serious waste in the process, llic iron when set free from 
the other matters of the ore, combines with about four or five per cent, 
of cRibon, thus forming the fusible compound known as Cosi-Iron. ITiIs 
mixture with carbon must take place, for, if it remained pure, the iron 
would not fuse, and thus would not separate from the slag or fused mixture 
of the lime used in the process along with the silica and clay of the ore. 

Pig-Iron. When a sufficiency of cast-iron has accumulated in the fur- 
nace, it is tapped; the molten metal runs out, and is received iu long 
straight gutters made in sand which have numerous side-branches. This 
arrangement is called the sum and her pigs, and hence the name the iron, 
now receives ot pig-iron. The iron is now in a condition qnito sultoble for 
all the purposes of casting in either light or heavy work. 

166. QualiUj. The best indications of the qunltUj of casl-u on arc the 
color, and texture of a recent fracture. A high temperature and a largo 
quantity of fuel produce greg cast-i/on, of different shades of bluish-grey 
in color, granular in texture, softer and more easily fusible than white cast- 
' iron: it produces therefore the finest and most accurate castings, but is 
coroparatircly deficient in hardness and sticiigth : for large structures bear- 
ing loads in motion, it is however safer to use the grey than the more brit- 
tle white cast-iron. A low temperature and deficiency of fuel produce 
icliite cast-iron : which is silvery white, either jronu^or or crysfnHi'ne, exces- 
sively hard but brittle, and comparatively difficult to melt: the extreme 
brittleness of the crystalhne white cast-iron renders it unfit for use in 
Engineering ptructiires: this variety therefore is generally used for con- 
version into wrought-iron. The quality of a sample may be tested by 
striking a smart blow with a sledge hammer on its edge : if it breaks, it 
. indicates brittleness ; if it produces a slight indentation without fracture, it 
shows that the iron is slightly malleable, and therefore of good quality. 
If the fractured surface is mottled, either with patches of darker or lighter 
iron, or with crystalline patches, the casting will be unsafe; and it will be 
still more unsafe if it contains nir bnbbles. 

vof.r. — Tiiir.n rriTiov. 2c 
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Casting. TJiO grcnl nilranlagc of cast-iron is llio facility with winch it 
can be ran into any form. For this purpose, it is re-melted with charcoal 
orcolce, under n blast, in n cupola furnace (see Plate XX.,) and ntn into 
inonWa of saml or loam. It slionM always be allowed to cool mulKtiirbcd, 
for if e.xposcd, rapid irregular cooling injures tlio quality of tlic iron and 
(lie homogoncousness of the c.astiiig. Cast-iron contacts about one per 
cent, in cooling. Its strength varies ns Us density, trlnch depends on tbo- 
tcmporaluroof tlic metal when drawn from the furnace, tlic rate and mu- 
formity of cooling, tbo head of metal under which the casting is made, 
and Us bull:. Large castings arc porportinnatcly weaker than small ones. 
Tlicy arc more likely to be Iionoyconibed* in the interior, and should not 
be depended npon to the same extent as small castings. Tlio elrcnglli of 
cast-iron to resist both cross glrainsnnd cnishing is increased byrepru/rd 
mtlUn^s (op to the twelfth). For barge castings a ndxturc should bo 
made of certain proportions of different qualities of iron. Temperature 
affects cast-iron rcry tniich, great cold making it rery brittle. 

157. Jfemo. on the cost of making eastings at the Canal Foundry, 
Koorkce. The character of the castings made at Hoorkcc is torj* rarious ; 
the weight being from ^ cldtlnck to 50 inaund?, and the niouhllng l« in grern 
rand, dry s.ind and loam ; the arcrage prime cost during one year was as 
follows 
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111-' fuel u«c<l is charcoal, and the charge is t inannds of ch.srce.il to 
tnanads of iron ; the iron charge I is comj-o<pd of Xo. 1 (Jnitd crrle j-lg, 
1 rt-kf n railway chainr, ordnance, ICrntlclge and fcr.sp, in eliflVrcnl propt-r* 
lio.Ts to suit the n.stnro of the work. 
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158. AVnocoiiT-lROH. To convert cast into iprou^/it ottna^^eaWciroa 
it is necessary to remove the Carbon, and if possible the sulphur an& 
phosphorus n-ith which to a greater or smaller extent nearly all brands of 
cast-iron are contnraiuatcd. Oxygen is the agent used for removing the 
carbon; but to eliminate the sulphur and phosphorus, silicon and chemical 
substances (usually including chlorine, bromine, or iodine) are introduced 
in the furnace, and are known to the puddlers as “physic." The process 
hitherto most ordinarily adopted is the following : — • 

It is commenced by rc-nieUing twenty-five or thirty hundred weight 
of pig-iron at a time in a kind of forge, called a finery, where the iron 
is partially carbonized by the action of a blast of air forced over its surface 
by a blowing engine. The carbon having a greater affinity Ibr the oxygen 
than for the iron, combines with it and passes off as carbonio acid. Silica 
also separates as a slag in combination with more iron. After this, the 
refined pig-iron is subjected to a second fusion in the puddling or rever- 
herating furnace, where the burning fuel is separated by a partition from 
the hearth (in which the metal ts placed and melted) the flame only is con- 
ducted over the surface of the metal, while the puddler by means of a rako 
or ralble agitates tbe metal so as to expose the whole of the charge to the 
action of the oxygen passing over it from Ilje fire; at intervals throwiug 
in oxide of iron, salt, or other “physic” to form a fluid slag of the im- 
purities. The oxygen of the oxide bums off the remainder of the carbon, 
and the silicon gets oxidised, also combining with another portion of the 
metallic oxide to form another slag ; to separate which, tlio iron (“ loup " 
or “ bloom " as it is sometimes called) in the form of balls, is taken out 
and beaten under a heavy bammer, to be “sAirijfet/, "that is to have the 
cinder forced out, and tlio particles of iron welded together by blows or 
pressure : and this is repeated several limes until the iron is quite pure. 
During the processes of refining and puddling, the cast-iron loses twenty 
to forty per cent, of its weight. 

The bloom after shingling is passed between rollers and rolled into a * 
bar; the bar is cut into short lengths, which are faggotted together, re- 
heated and rolled again into one bar; and this process is repeated till the 
iron has become sufficiently compact and has acquired a fibrous structure. 

Although this process of first making Cast-Iron, and then unmaking 
it, is the most economical and generally applicable. ^Y’^ought-Iron may 
be made at once from the ore by comlamng the processes of smelting and 



fincldllng; anJ iron is eo nis«le in America, in France, nn<l in tliis cotinirj' ; 
ills olwajs ft trsstcfnl jirocess, liowescr, as tlierc is much fuel as ircll ns 
iron, Jest. 

159. From tlic onlinarj process nborc «1c«criborl llie refuiSnj is sonic, 
times omitted, and the iron is purified witli printer rnpidity nrid econoiur liy 
the hoilhj procc«s, trliich con^i^is of the introduction of n eiiinll quantity 
of steam (at about 5 lbs pres'uro per square incli) into llic inoltcu luital 
ns soon as it is fuzed in the puddling fiirnisce. 'J'iic oxigen of tlio steam 
carries off tlio carbon, «liiU* the hydrogen unites vitli tlie niJjiImr, jdtos- 
pbonis, arsenic, Ac, nnd mnri“oter the stenm, introduced flirougli {djn'-. 
to the bottom of tbe fiirnace, ngiifttos the iron, mirl causes exposure of fr< -li 
surfaces to the oxygen [lapsing through the fiini-'iee. After o or S minutes 
iioiling, the opcrainjii of puddling is couijdctod in the ordinary wat nitb 
the rablde. 

})et*einrr Pnicft* Another proce<*, noir n good dcn) iij u«e in Great 
Ufitain, for the c<'nrertio« of cast mto trroiight./ron, is /?< ••/■tier't procc«*. 
Tills method consi<f< m injecting inin |heca‘t.iron, uhile sltll in n molten 
condition, a Hast o( air In a pej>ftrato cMJ'ola, the oljcct being to I'lini out 
ilie carbon nnd •ilieon from the Iron; the admi'"ion of tint ci-1.1 air being* 
allcndcnt with a bri-h •.liuUlthm among the tiiolicn ca«t.ii('ti, due (o the 
c-nrbon particles being burnt by the oxigcii of the bl.i«l. Whui the itou 
is run front tlic cupola after this proce**, it is found to b'* trnnderfiilly 



common I'clt, «liircn from ^linfttng alioul C foil nl>OTe tlic fiirnnco, rotates 
a rliearc, nliich Ir>n<i1j‘ jtiinlctt at one end tn t1ii> puddling rnlblc, and 
at (lic Ollier turn* on n pin laid in ilic iiniid of llic [luddlcr, 'llic Birnp 
rotates tlie mtddc, anjip* rts part of it* weiglit like n FUipcnsion link, nnd 
acts a* an nnieer«al joint. Its teal apecd, (rarying fmin 200 to 1000 re- 
volutions per minute) is found to give it all llie nicclmnicnl energy required. 

160. Qunliti/, Wiuuglil-iron nisy (Uko cast-iron) be judged of, as 
to quality, by tlic aurfaee of n recent fracture. Jl aliould base a clear 
blui'li-grey color, «itli a bigli ailky lustre, and a fibrous appearance ; when 
tbc texture is lilber laminated or crystalline, the metal is defective.* It 
is tough, malleable, and ductile. At a while heat, it becomes soft enough 
to take any sbape under the hammer, nnd admits renddy of heing iceldedf 
I. f., the thorough union of two pieces. In this operation, it is necessary 
that each stirfacc of contact Bhoiild be free from ovidc (ni't) } to make 
sure of thi*, it is u<nal for the smith to shake a little 8.vnd and dust over 
the surfaces tn he joined ; the earthy matter forms a very fusible com- 
pound with any rust that may be present, and is easily expressed by tlio 
hammering. 

161. The principal forms in which wrought-iroii is prepared for gene- 
ral purposes arc j*— 

i?ar-iron.— Long pieces of rectangular section, generally square, distin- 
guished according to diincnsioosof section, ns l«inch bar, 2-ini.h, 2^-iocli, 
ic. 

7»od-iJon. — IVhich is in long ejlindrioal pieces, the different sizes of 
which arc similarly specified, as |.inch rod, 1 j-iiich, d,c. 

The above forms are given by angular or semi-circular indentations on 
the pcri|iheries'of the rollers between which the metnl is passed. The 
difTerent descriptions of iron tcira might be considered so many smaller 
sizes of rod-iron, but they differ from it in the method in which they are 

made wire being diaien through circular hole-* in a strong metal plate, 

not rolled as rod-iron. Various fonna other than the rectangular and 
cylindrical may be given to bars of iron by the same means, that is by 
having the desired form of section cut in the peripheries of the rollers ; in 
this manner is made what is called X H 1*“ cross section resem- 
bling those letters), Angle-iron, like the letter L> also different forms of 

• An exception to t6l» «»Ule UmonsLow Moor Iron, which is granular, nerer flbrons, and Is yet 
^ry stioog, and Indeed U often selected by Engineer! on account ot lie known etiengtb, for girders, 
plUaie, Lc. 
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steel lias of assuming an extraordinary Iiardness after it has undergone 
tempering, uhen it is also rendered ironderfully elastic} tliese tno proper- 
ties of lianiness and elasticity adapting it for a variety of purposes for irl/ich 
wrought-iron Tvould be unsuitable. Jts great use is in making edge tools. 
These liorrever, liave often only a superficiat coating of steel, Tvhicb is co;n- 
mnnicated by cosc Art?f7enirt^. Tire tool is heated red hot and sprinkled 
over Tvitli ferro-cyanide of potassium, the carbon of ttIjtcIi combines rvith 
the iron on the surface of the tool, mating a coating of steel. 

With the exception of the large and increasing use of steel for railway 
bars, no great branch of metnlhc industry can yet be pointed out ns 
having passed from iron over to steel. 

The large and economical nso of steel for structural purposes, and more 
especially for ship and bndge building, labors under three chief diffi- 
culties which retard its progess, \ie.; («), a certain risk of rraat of uni- 
formity in the manufactnred material a« debrered to the biplderj (5), the 
extreme sensitiveness of steel to change its physical condition by abrupt 
change of temperature, brought about imaroidably or accidentally in tho 
process of building into structure; (c), the physical qualities Tvliich be- 
long to steel, necessitating special manipulation and with special tools or 
methods, if rrc are to avoid injuring more or less its valuable properties, 
when so built into strucluro. 

In time hoivever, these difiicultios will probably be oveicome, and steel 
will be used In preference to malleable iron ; admitting of pconomj' in mass 
and weight by the use of a material whose tensile strength may be taken at 
50 tons per square inch. 

164. Copper. — Copper is rather too expensive a metal to be used much 
in building. It is obtamed by a somewhat complex process of smelting (or 
-ather a scries of processes) from copper pyrites, a sulphide of copper and 
«on. The high price of the metal enaldes the smelter to work ores, which 
do not contain over two or three per cent, of metal. Copper is sometimes 
found native, ,but only in small quantity. If is n metal of a peculiar red 
color; wheavtarnished, it cluracteristically becomes green, from being 
covered with a coating of siib-csrbonate of copper. It is a very malleablo 
and a still more tenacious metal. Sheets and wire of extreme fineness can 
be made of it. For building, copper is more employed in the form of its 
very useful alloy with zinc, brass. 

165. Ziixc or Spelter.— This metftl is more extcnrively used in build- 
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ing tlian the last, it ii much cheaper and trondcrfiilly durable. It id ob* 
talced from either of its ores, the sulphide (zincblcnde) — or the carbonate 
(calamine ) These arc roasted, and (hen, after mixture rrith coho or charcoal 
subjected to a kind of distUlatton, by ifhtch the zinc, on account of its easy 
volatility, is separated. Though a brittle metal at ordinary temperatures 
it becomes malleable betrreen 200^ and S00°, and then may bo rolled into 
sheets or drarm into rrircs, in nhich last state, howerer, it is hardly used 
at all. It is used for gutters, roofing, piping, &c., it soon becomes oxy* 
dized on the sutfaec, but the film of oxido remains adherent, and thus 
protects the rest of the metal beneath from further action of tho air. 
^Vhencrer the air is apt to contain acid particles, as near the sea, zinc soon 
gives way. 

166. Lead.— The ore of this metal is almost altroys tho sulphide 
(galena). After the dressing of the ore, it is ground and divided into two 
quantities, one of which is roasted in a reverberatory fumaeo at a compa* 
ratively low temperature; by this it is changed Into oxide of lead; the se- 
cond qcantity of ore is sow added, and the heat of the furnace raised, when n 
rc-aetioQ ensues between tho oxide of lead and the new unaltered Bulphidc, 
tho resnlt of which is to produce sulphurous acid and metallic lead, the for- 
mer escapes up tho chimney and the latter runs from tho furnace in a molten 
condition. It is then purified by a second fusion, after which it is qnite 
fit for the market. For building purposes, lead is not now much em- 
ployed, excepting in water fittings, such as the lining of cisterns and the 
making of pipes. It is eingnlnr that for these very purposes there is an 
important objection to le.ad; for it is found that if the water brought in 
contact with this metal be very soft or pure, it is apt to bo acted upon, 
and even a poisonous nuionnt of lead may thus get mixed with the water* 
Certain salts existing in many natural waters, prevent this action altoge- 
tl^er; eutU salts arc the catbonaies aud sulphates, and especially car- 
bonate and sulphate of lime, and these arc very common in most spring 
waters, in sufficiently largo amount to prove n perfect protection from the 
evil. tVaters from rivers or lakes, in countries where the primary rocks 
such as granite or gneiss abound, arc open to be suspected of having 
this action on lead, .nod in all such eases means should be taken to 
ascertain by actual experiment, whether it would be safe or otherwise to 
pass the water through leaden pipes or store it in leaden cisterns, 
llecently boiled or distilled water should never bo put in leaden vessels. 

VOI.. 1.— TQIItn EOITIOX. 2 z> 
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Sheet lead is also occasionally nsed as a corcring for roofs (Tveight 7 lbs. 
per square foot; flattest slope 4*). When a fresh surface of lend is ex* 
posed to air or water, it becomes coated in n short time with a thin grey 
film of oxide, winch protects the metal against further oxidation, unless 
there bo present some acid capable of dissolving the oxide. 

Load is a very soft and heavy metal, its specific gravity U 11*44, it 
fuses at the temperature of C20®. On account of its contraedng at the 
moment of its becoming a solid, it is not employed alone for casting : but 
when used for type mttal, to 4 parts of lead is added 1 part of antimony, 
which prevents contraction of the alloy in cooling. 

167, Tin,— The ore of this metal is called tin stone, and is abin-oxidc 
of the metal. The ore is treated by the process described in the begin- 
ning of this chapter. It is too expensive a metal to be used mneh in 
building, besides being too soft and too easily fused. In the form of tin 
plate, there is a considerable consumption of the metal; ‘Hin plate” 
being formed by immersing well cleansed sheets of iron in melted tin : 
by which process the iron is coated with a layer of an alloy of iron 
and tin, which passes gradually into pure tin at its outer surface. The 
very slow action of air on tin gives to articles made of tin-plate, all the 
strengili of the iron, with the brightness and cleanliness of the tin. With 
moderate care, in a dry atmosiibere, the tin coating remains a long time, 
but when once a single spot is denuded, the whole surface gives way very 
speedily. 

Tin melts at 442*. It is very malleable, and when beaten out, it forms 
the useful investing material, Un-JmL 

168. Alloys.— An alloy is a compound of two or more metals. 
Alloys arc generally more fnsible and harder than the metals which enter 
into Ihcir composition. In making alloys, the most infusible metal 
shonld bo melted first ; and the quantities of the ingredients should bear 
definite atomic proportions to each other: olbcrwiscthc metal prodneed will 
not be a bomogcncons compound : bnt a mixture of two or more different 
compounds in irregular masses, which being different in cxi'ansibility and 
elasticity tend to separate from each other. 

Gun vittnl consists of nine parts ctpi'cr and one of tin, with sometimes 
a little zinc. It is tough, strong and hard, and is used forpumi's, valves, 
cylinders, and those jiarLs of machinery subject to attrition. 

lirozs, comjioscd of three parts sine and five or six of co]ipcr, is used 
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or philosophical iiistrnracnU, utensils, &c. It is ductile, tough, very 
ractable, taking a fine polish. Brass for locks, doorhandles, &c., consists 
of one part zinc and three of copper. Brass for turaing in the lathe, 
should hare a little lead in it besides copper and zinc ; but lead renders it 
unfit for hammering. 

X Bell metal consists of scrcnty-ciglit parts copper and twenty-two of tin. 
Btonze consists of copper and tin, with ft little zinc and lead, 
i’citfer is an alloy of eight parts of tin to twenty of lead. 

Soldering is the art of uniting the edges or surfaces of metals by partial 
fusion, or by the application of an alloy called solder, which is more fusible 
than the metals to be united. To effect this, the solder must bo of such 
metals as will, when fused, combine readily and firmly with the pieces of 
metal to be united — with each of them, when they arc of different kinds. 
Thus difierent metals requite diflerent solders to unite them. Solder for 
tin is made of one part tin and two parts lead— that for iron, copper and 
brass, is an alloy of three parts zinc to four of copper; lead alone, or an 
alloy of lead and tin is used as a solder for lead, &c. Tlic application 
of the fused solder forms an alloy at the surfaces tn contact, and that this 
nay take place more cOectually, some other substance is employed as t,Ji\xx 
Along with the solder, being applied to the smoothed and cleaned sarfaceB of 
the metals before soldering. For this purpose borax is generally used with 
brass; sal- ammoniac or resin with tin, copper and iron: spirit of salt 
(hydrochloric acid) with zinc. "What is called Fine Solder consists of two 
parts tin to one of lead. This is what is used by pewterers and for tinning 
copper Tessels, &c. Hard solder is one which requires the metals that 
arc to be united preriously brought to a red beat, or erea almost to the 
point of fusion. Sojl solder is such as may be applied without raising the 
metals to so high a temperature, such as solder formed of lead and tin, iu 
which lead is in excess. When sheet metals are nailed, the nail holes 
should be covered with a small patch of solder, which is called “ dotting." 

169. Indian Metals.— /ron is fonnd in many parts of India, in the 
Salem and Beypore districts of the Madras Presidency, in the Vhyndlim 
Hills near Jnbbulpore, and the Jferbudda territory, in Jbansie and Gnallor, 
also in Assam and Burmah, and various other parts. Copper is found in 
Kiimaon, Bajpootana, dc. T7n in Burmah and Malacca. The following 
extracts arc from the Indian Catalogue of the Intemational Exhibition of 
18C2, and from Jlemoirs of the ludiau Geological Sorrey. 
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Irox.— iJfy/wjr.— Tlie bulk of these ores arc rich mn^notlc n'tiJc'?, anil alien ficcJ 
from earthy matter, and ready for the blast furnace, contain about 72 per cent, 
of iron. They arc found in moontain passes, and are obtained by fiuarr) ing n ith a 
cron bar. The quantity isso loi^, that it is not necessary to have reennrse to under- 
ground operations. They are quite free from sulphur, arsenic, and jiho«phorus, and 
upon a large average liai e been fonnd to yield 68 per cent, of metal in the blast 
furnace. 

170. Salem , — The iron of the Salem districts of the Madras I’rcsidcncy is a rich 
magnetic oxide of iron, icry heavy and massne. The jichl aicraffcs CO per cent, of 
metallic iron. The ore is, Loucicr, often mtxcil with qn.artz, uhich is a icrj refrac- 
tor}' material in the blast furnace Limestone, and, in some places, sbcll lime, u em- 
ployed as a ilox, nnd the charcoal of some Lind of acacia is tlic fuel. 

The method of smelting is here, as in other places, vciy simple, and the apparatus 
used scry cheap. The iron produced is of excellent quality, but the quantity is but 
small. 

Tbc shape nnd construction of the furnaces vaty slightly, but that most generally 
nsed is nearly c\hndrical, tapering into on ifregolnr cone at the top. The furuaccs 
arc constructed entirely of red-clay mixed with sand j they con<t.‘intly require to have 
the inside renewed by fre«h linings of clay, nliicb cannot stand more tlian three or 
four day’s working The height of the furnace varies from S to feet, with a diame* 
ter of the interior of from 9 inches to 1 foot The fornaco itself at the ’ground is 
about 2 feet wide, and tapers sometimes from the gronnd, sometimes from about frd 
or 4th of the height 5 the walls ore from 4 to 6 inches thick. The front of the fur- 
naces Is for the most part nearly vertical, the back iherefoTC slopes consldcrabW more 
than do the sides, as shonn la the annexed iigure, giviog a section of an iron furnace 
at Chaindanumgalum, la (bo KamLnt Tal&q. In some eases, however, the fnrnncc is 
a regular cone. 

Inside the furnace, the gronnd is generally excavated to the depth of about 1 
foot, to form a hearth for the bloom. A semi-circular opening from 1 foot to 14 
inches high is either 'left in the front wall, or is A'alire /ran P urnaee. 
subsequently cat Into it w bile the cloy is still moist. 

This is filled up with clay before the commence- 
ment of each smelting. 

Tlio blast required for the smeltiog is obtained 
by n*ing two bellow^, each made of n sheep or 
goat's skin, nnd «orkc«l by hand in the ordinal}' 
way by a man sqaiitting in front of the funuice. 

The nozilci of the bellows arc made eiibcr of (liin 
xbcct iron, or tin jdatc, or somrtiines of bamboo*, and lliC'c are d Into a clay 

toyrre entering at the Iroltnm of the front opening, nnd candidly Intnk Tlir tincrrs 
reach to the centre of tbc furnace. The l«ittomoC the furnace is covered with a layer 
of cbarcoxl da*t, to prevent the adticMon of the bloom. Dy us'ng the bcllons al- 
ternately, a tolerably continuous Mast w pnxIacc«L 

The furnace is first filled to the lop, _or very nearly so, with charcoal, which Is 
ignited by means of a bnrnirg ember pas-cd through the tuyere. As s-'xm as flames 
l‘«oe from alKive, a small charge of the powdcrc*! Iron ore, well moiitetied to make it 
rake together, is IntroJo'xd Ibnwgh the apex and coicrr'l with charcoal t thii is 
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foUo>reJ by ows'ive clinr^c^ of ore nml fori, until the proper (imntity of ore is in 
the fnniflcc. The bla5t is now jtnm~ly applicil, and continucil from two and a lialf 
to four hour*, neconlmj; to the size of the fnrnnce. The process is then considered 
complete, the Fcmi-circnlar njicrture in front of the furnace is opened, and the bloom 
is rcmoTC'L A number of lica>r blows with a hammer or nmllct arc piren, to knock 
olT as mneh ns possible of the aJherinpo^iile, and tlie bloom is then ent half tlironph 
with a bafehet, and aliowed to cool. Tlie object of enttiog open the bloom in this 
way IS toethibit the pram to tlie purchaser. 

Clinrcoal is the only fuel ii«cd, hut dilTertnt calncsarc attiched to different wooils 
for the purpose of charcoal, and frcijticntly two or three dilTercnt kinds arc used 
at diflcrcnt levels in the furnace. What the clTccl of this may be cannot be clearly 
ftatcih No flu'c is u<eiL 

The ordinary charpe for one of thc«e fainaces is about lA lbs. of ore, and the smclt- 
inp occnpica two to three hours. Tlie arcrapt ont-turn is three blooms in the 12 
hours, four men beinp required to s»ork the fornacc j but the furnaces arc ncicr 
worked continnoosly. In some parts larger fnmaces arc used, and the charge for 
each smelting amounts to So lbs of ore. 

The process of refining the metal thnsobtained consists merely in beating the bloom 
scTcral times, and subjecting U to a good hammering, by which the slag is in gre-nt 
jneasare got nd of. It is then baniraertd into nde Imrs abont 1 foot in length and 
abont S inches in width. Fnm these bars the “IVootz” or Indian steel is pro* 
pared- 

171, Cutfack.— An abnndance of this ironstone is found id the district of Snm* 
balpore,aad it is plentiful in the Cnttack Tnbntary States of Talcbcre,DhenltaQaI, 
Fal La^ra, 'and Ungool, and indeed tbronphont the hilly country bordering the settled 
distnets of this prorlncc on the north-west. The whole of the iron used for rarious 
purposes in this dirision is sappUed from these local sources. In Snmbntpore, the 
crude iron is sold at one anna per seer, which is equivalent to about three-fourths 
of a penny per English pound. Ko fin’s is used ; the broken ironstone is mixed with 
charcoal, which can be prepared in any required quantity on the spot, and the mixture 
ia then, probably in alternate lajen, put into the furnace, — a kiln in minature stand- 
ing abont 4 feet high, and made of clay. The top is open, and the bottom and sides 
thoroughly closed. The fire is maiotiUDed by au artificial blast, introduced through 
a fireclay pipe which is sealed np with clay after the iuscrtion of the nozzle of the 
bellows. The slag escapes, or more properly is raked oat, through an aperture made 
in the ground, and which inns np into the centre of the furnace base. Three men— 
one to serve the fire, and two to work the bellows— arc required to tend each furnace, 
'fhe charcoal used is made from the Sal or Sk«rta lotusta. Limestone in calcare- 
ous nodules is abundant on the spot, but is nowhere . uhiI m smelting. 

172. fftafiniail . — Abundant quames of the peroxide and proto-peroxide of iron, 
ns also of iron-pyrites, abound in the most accessible portions of the Kymore range 
The Kymore range is the north-easterly spur of the Vhyndhia range, and fills all 
Southern llirzaporc and Shababad. Most of the ores ore peculiarly rich in metal, some 
of them even yielding 70 to 75 percent of pig-iron, but without accessible coal they 
are comparatively useless. Considerable qnantities of iron, and that some of the best 
in India, arc annually produced in ralomow, Rewah, Buljoggbur, and Singrowlie. The 
iron from the latter place, in particular, bears a high character in the market, being 
tongh, flexible, and easily worked, while English iron, having originally been smelted 
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from nn inferior oro (Uic clny ironstone) flml witli mineral roal, is almwt unworknlilo 
by native blacksmiths. 

The pres are extremely rich, ami tbc cost mcrclj' nominal, probably not more than 
2 per cent, upon tlic cost of qa.trryin'' ; an<l the ores bcinp nil above pround, )vouId 
reduce the cost of f|oarTyJng ton minimum, Chareo.il, ns used by native smelters 
may be obtained at 10 or Jl niaands per ropce, s.ny Es. SJ to 0 per ton, in the forest, 
to i^liich, of course, Jnnst be ndtlctl cost of carriage to site. 

173. Juhh)i}i>ore. — TJio Aznrcca mines are situated on a hill consisting of Iron 
ore, found at 1 J feet from the surface, and extending o»cr an area of about CO.OOO 
yards sfjtiare and dO feet deep. Tlic ore exists in thin flakes of a grey iron color and 
nictnllic Instrc The nainre of fuel used is common ivood charcoal, and for refining 
the metal, bamboo charcoal { the fuel is brought from a distance of about i> miles 
from the ininos. The ore and chnrcojil arc tJiroirn, in small i^iiantitlcs, every half 
hour into an earthen furnace five feet high and t»vo feet sijnarc ; a part of tlic bottom 
of the fumaco is filled «itli fuel only , this being kindled, a pair of bellows is applied 
to rni<o the heat, ami a p.vssagc made at (he side of tlic furnace for the melted jnct.il 
to run out i'onr mnunds (J.'O flls ) of ore and 2i innnnds of charcoal arc dally u«cd 
in nfurmaeo, the fuel h used in the proportion of S-8ths or C2 per cent, of the pro 
for smelting, uod ^.'Vtll more for refining the metal. A funinco furnishes dally 3 
maunds (IfiO tbs.) or 50 percent, of the crude iron from 4 mniinds of (ho ore j this 
whenforged, yields 30>cers,orncarly 10 per cent of «TOught*iron. The ore is slm* 
ply ling oot V Uh pickaxes ; it co«ts 6 pie per ronund for cxcaTating aad carrying to 
the furnace. The fuel or charcoal costs lls. I»1'C j'cr mnnnd of wrought-Iron. The 
entire cost of the pore metal obtained amounts to Es. 1*13 per maontl, including 
labor and materials. T!ie ore Is generally sold at the works and cons eyed on bollocks 
to different markets. When brought to Jubbulpere, the nearest market, it costs 2 
annas 8 pie per maund, excinsirc of duty. 

174. P«T/ab.~Thoironorcsof the Punjab are produced along its north-enstem 
monntain frontier ns well as in Ibo lo«cr bills of the Sulaimanf and 'O’esfrl ranges, 
and those to the south-east of tbe Dunnoo district, and to some e.xtcnt in the Salt 
range. Oa the other side of the proi mvc, in the hilly portions of C^urgaon district, 
iron is found, and although the bills m the Delhi district exhibit no specimens of iron 
ore as such, there is in them a ferruginous rock , and the JIahrfili hill, «hleh yields 
iron ore, is one of that group of outliers that forms a continuation os it were of the 
Araralll range, and properly witbio the Delhi district. 

Along the Ilimnlsyan frontier, the principal places of production arc the Hill State* 
of the Simla district (Jisbal, DhSmt, Oishnhr and ESmpOr). Again at Sukctnnd 
jrnndi, Iron is largely proiluceil, and themines at Kot ICIifli, Fntihprtr, and Rhlr R.nn- 
gll of Knngm arc famoua PiiNning the line of Hill States, the iron of the Chanibn 
lulls next demands notice, and the next division up to the Hnznrn district is iniliuled 
in the territories of 11 II the MahSrajsh of Kashmir. In these territories, the best 
iron is fonnd at Eci 4sl m Jnmmii, while the iron found at Sohf and Ivuty «r in Kash- 
mir proper, is not so gootl. Iron of gooil quality, bnt Inferior to that of Eeiisl, oc- 
curs In Riinch, the territory of Raja Mott Singh, feudatory of Kashmir. Keierting 
onee more to Rritish Icrritoir, «e find Iron ore at IJakol in the Hazara district. 
Next to this, in the luIN doe north of I’eshaivur, is the source of the Unjnnr iron, 
which is of fine quality^aad w used itt the manufactiiic of the gun barrels of Koh.it 
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and Jammd ; and sot a little also, it isa; be presumed, in the formation of steel for 
the blades of Bnkhlra and Peshamir. 

Kowhere within British terrltoiy !* indi^enoas steel procnrable, it all erenta inch 
steel as would be of any nse In the finer classes of mannfacturo i the cntlcry of Ni* 
timibld and Gosr&t is exclaairely manafactared with imported steel, r^hlle the 
inferior kinds are not steel at all bat merely polished iron. 

The iron ores of the Himalayan diitricta are mostly magnetic oxides of slognlar 
parity, and exist in a great measure In the form of an iron sand or aggregate of 
particles of oxide of Iron, These arc no donbt prodaced in the detrition or disinteg- 
ration of schistose and mieaceons rock contdning particles of metal ; this kind of 
rock or ore is called "pathat dbo6. ” 

In other places the ore is found as a massirehsmatite, and is sometimes associated 
witl) copper. In Suket, and a few other localities, a glistcniog mieaceons iron ore or 
glistening liasmatitc occurs, bnt the natires often call it “antimony of Ispahin” 
(surma IsfahSnl). In one or tno instances it is exhibited as a hydrated peroxide. 

Iron exists at Kanigoram in the Woilri hills ; it is found also as a hxmatite in 
scscral parts of the Salt range, and in the ChichalU range, on the other side of the 
rirer. In a fesr places near the eame ranges, and especially associated with shale 
this metal ia foand In the form of a enlpharet, f. r., iron pyntes, and the beds of the 
“ kasti *’ an'i ** kabi ’* (earth containing anhydrous proto-sslphate of iron) are uld to 
tetttU from the decomposition and oxydisation of these pyrites. Hydrated peroxide 
in the form of ochre. Is proeored In a oomber of pluet in tbe Panjab, and fonsi the 
coloring matter in the “giM-tard,” or yellow earth, and in the “Mcltlni mitti” 
used by the dyen. 

176. The following aceonnt ha* been recelred from the Deputy Commi”"'ner 
of Oorgaon s “ Tbe hill from which the iron is obtained in PiroipCiT is known gene- 
rally by the name “ Jharkah," and tbe iron mines m it arc called “ bars" mines, in 
which by digging to a depth of C feet, pieces of a red and slightly gli»tening hwma- 
tltc arc obtained, called “bori.” Krom this ore iron is oblaincil In digging for the 
ore, the minen first come upon a quantitr of red canli and soft stone di«color»il Lr 
iron, which is nw;d to make roads with ; below ibis Ujc hrematite is found. Tlic ore 
is fir»l jxinnded with stones into small fragment^, and then taken to the smelling fur- 
nace, winch is railed “ninJn.” This furnsce is of a Mund conical shape, tiairow at 
the top andwident tlicb«>e, anj almut ti f«et high t into it is put 13 manndsvf llic 
ore (tins quantity of ore is called a “pan*”) and Jg mannJs of charmal,— umie of it 
aboic, and some below, the crushed ore. liach funiaee i« fitted with two jairs of 
Wlowa, which arc worked to ■ bta«t of air l<> the fre doneg eighteen boors 

coutinuouxh 1 — the melted iron fall* to the liottoin. Tlunfm n.aacda (= 1 p*o) « f 
ore yield 3 maundsof nicUllic iron.— tki. is taken out and rriwatrtllr I rate.1 anl 
lianimrredlill it !•ecl^1llcs pure, when aUmt l| tnavnds of the unmiir'l metal rrr-j.n . 
in thus 1 ringing the iron to its | ure state t“ l.d a (alki riisidi « f rtsfroal are 
re-iuinxl ^■e^ulrs the It ciwisuneej in Uie smelling fun are, os t * O'nj * ick 

13 niaiitidiof ore, 17 inaunds n( cl attswl are roju'irj, at a o~t cf It* r-"*, (»t 7 
maunds j<rr roicx.) the total owj .d the { n«x-xs is Its. IMii, i> ex — 

r- A r 

Cl amal, 17 niarn-N, .. — .... . .. r a i' 

'l’a»x» of wwkiuiu at the awilttaj luTuax, ... ... ... 0 I'l 0 
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TTcs^s of TTortoea at the bdloirs and those trio haomcr out the 

iroa 0 12 (I 

Wfijes of wortoea t^bo vrot fiie tnetalljc iron Ij’ repcatsi}^ beat* 

^ ... ' Oir D 


Total Us., ...30 ID 0 


176. The foUoTrirr'' s?« tie tinds of iraa to be aetiritihin thsXjiiDre'bs 2 i«:~ 
Sad class steel, “ asbii,” used for coarse cbesp cefletr perposes. 

Iron, TirietT “ then, ” esed for agricnlmral sad oier iraplemcats. 

Iroa, TanetT berki.*’ 

Iron, raricty " fnleri,’’ comes from GwnL'or ia Eindoostaa ; it is a tcnacioas metal 
aod ased for Trira dfaTrmg, jran barrels. &c. 

Besides these raneties the follomu'r bods are met Tnfli in the shops of the "lobti*," 
or iron ecllcrs, ■n-ho are the persons who bar wholesale from the Ifcorio« and oOicr 
Bierciaots and theo sell bj retail to the blacksmiths, or " lohars.” Of Indian iron, the 


Taricfies are— the *• then.*’ noted abore , this js said to be brongit from Hiadoosfnn, 
it is ea iron of mpromisuig appeanmec, but cshfbits oa being forged its sopcricir 
qnality 5 it « tench erapJoyed for ctTpcnters* tools, adics, ic., and cccasionally for 
rwords. It ralaes aboat 4 seers per impee { its probable ongia is the Jaipt-T to 
rito-T. 

"rcalid ” ot steel, rsed to he imported from Hiadoostaa fer tie oaanfflctsre of 
armoor, shields, £:a j at the present day irhta the maaafactnre of sneh anaoo’l^ 
not carried on, the import bss ceased, the steel nsed to be broaght la “ehaitis’* 
or dfcolar disks, aboot * of an inch thick. “ GnJtri ” iroa, sihich h sold in aod 
ralncs Bs. C-12 per maond, « a tcoacions iron osed also in wire drawing The iri* 
ported Indian irons are bronght np br Naorias to Hjitrss between Allignrb “and 
Agra, and from thence taken to Amritsar, wbith is tbe I'nnjab Mart,” Of I*nTijftb 
iron, the "bnjanri,’* from Bojaar. north of resbannr, is not mneh ctportcfl to tbe 
Central I’Jain districts, Ihongh it nas forroerJy for the ptirpo^es of gun making. 
Bajuari iron is still largely osed at Koh.(t in the remarkable jiroccss of ibcir gen 
barrel making, and is used also at KSlabagb and othir plncci The gnns and cntlcry 
made at Xisimabiil, in the Gnjraowala distnct, arc of “ gnltn” iron or of “ a.-baU” 
llurol>caa ateel is al>o croplfwed for coticry 

JJarki iroa is bronght donu from SoLct and the Mnndi iniDC«, it valncs Jls. <VI2 
to 7 a mataid, and feds its way <<p hacks of moles and donkeys to Pinsnngirnhcnce 
it Comes to Amritsar ; it u probutle that other irons of the Kangra district mines arc 


‘Imilarly imported ondcr this ntme Attempts bare been made by individniJ traders 
*■ - Oo^Tj tbe iron of the ('batuba territory, bnt the co't of carriage is too great to 
bills next u. V-* . « . cc)d,«n imimried. 

in tbe tern ones 0 -are tnrt»pcan,Bnd brougbtfrom Bomlutr ; tbeinricties 

iron is fonad at BfjiisiinJl . . ^ 


mtr proper, U oot so bars: it is n^cd formakmg tms tif 

I Wi'amanDd. 

lull''*'* <''• ' of mm, saloc iJs. « a inmnd ; and nlvj “ gi'l V.nnill.i,” 8 

0^ Value. l»a b a (uaun.L 
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* Chkdar,” or ihcct iroa, rtloo at Hi. 8 a tnaand, ii cmplojed in making “ tarai" 
krgc iron caolJrons, Lc, 

••Chakor aink" and “ chakor kandla/*— arc wrietleiof iron, imported In long rodi, 
15 feet or 10 , ai>ont 8 Incbei broad and i*lflcb thick,— thii leilt at Hi. 9 a maand. 
^\'ken the rodi are thin, it li called *' chakor kindli/' and fetchei Ha. 7 per mannd. 

Thete ban are itamped vith a Knropean trademark «hen of the flrtt qaalltf t 
are the moit arprored, and arc called **eacha chakor," (genotne," chakor,"} and fetch 
Ila 9-8. If theie ban are onir the tame Inkhape idthont the itamp, thep fetch Hi. 
D and Re. 7, ai abore-mentioned. 

Anatber rarietr Ii "aibit," a hard bnt brittle kind of iteel, lelling at S| seen per 
npce t it ii imported in ban, and b csed for tools on acconnt of iu hardnesa. 

A kind of iron !i aold in tbe baun catted " fiiti," being sold in pieces of a fail- 
form shape, tapering at each end. This is probsMp a bill iron. 

Iron is also fonnd Inconsiderable qosntittes In the Ranigonge district, 
near the famous coal fields, but the amount of sulpbar present in this coal, prevents 
its being talisfactoritj nsed for smelting the Iron. 

177. Corrsn — The feel nsed for nnelting, is charcoal made from the ex- 
tensive forests in the Immediate ricinitj of the mines and works in Landoo, in 
Salbhoom, and Slngbhoom, la the south-west frontier of Bengal, about 140 miles from 
Calcntta. 

Copper is found in the Ooorgson and lllssar districts, also In Kangn, the Salt 
range and Kashmir. In Ilissar the oi« is obtained bj mining the hill side | the 
work b carried on onl; hp dap, and then with the aid of lamp light. Oecaslenally 
a cosh of water esascs the work to be stopped, and as there is no mechanical contri- 
vance for controillsg the flood, not nnfreqoently the partlcniar spot hss to be abandoned 
altogether. The ore obtained from the mine is broken into pieces and smelted snfB- 
clently to make it cake i on this, wood and the common " upla” (dry cow-dnng) of 
the country are heaped, and the mass set on fire. The process oi extracting the metal 
is similar to that of bnraing lime i the copper, contained in the pnhensed and caked 
mass, percolates throngh the calcined refuse, and finally forms irregular shsped frog- 
roents at the base. 

178. TiJr.— .Vabcea —ChareoalmadefromtheUomposs tree, is the only descrip- 
tion of fuel employed. A faonei-sbsped blast furnace, C feet high and 4 feet diameter' 
at the month is nsed. The sides of tbe trunk and funnel .hole arc shaped and backed 
with clay. Tbe fused matters escape from the cavity and flow continually into an 
exterior reservoir, hollowed out for Ib&t purpose, from which the liquid metal is ladled 
out into moulds, shaped in moist sand. The trunk is filled mth charcoal, and com- 
bustion is accelerated by a cylindrical blowing machine, worked by eight men. TVhen 
the whole mass is brought to a red heat, tbe crude ora is sprinkled on top of the burn- 
ing embers and kept constantly fed, by successive charges of charcoal and mineral 
Rach charge consists of 80 piculs of washed ore, containing from 4d to GO per cent, 
of tin. 

Antimony and licnd arc found in several districts of the Punjab, but apparently arc 
not much worked. 


%UL. I..^TillllU bUITIOX. 



CHAPTER VII. 

PAIXTS, VARNISHES, &c. 

179. Paints.— 'PBinta are mixtnrcs of certain fixed and ToUtilo oils, 

chicfij those of linseed and turpentine, with certolo metallic salts and 
oxides, and other substances used cither ns pififraenla or or to 

give a bodj* to the paint, and to improve its drying properties. 

The principal materials used in painting are— irA/Vc and Hid Lead, 
died and Telloto Ochre, Prussian (for green color), Xnmy> 

Jilacl', Litharge, Linseed Od, and Turpentine. The charcoal of habool and 
'•omo other woods, very finely ground, is also used to mahe a black paint. 
Other colors, besides those directly obtained from each of the above-named 
substances used alone, arc made by their combination: white load is 
nsed with all when it is desired to lighten the color; thus a lead color is 
obtaioed by'mlxing a iittio lamp black with it. 

Indigo and yellow ochre arc sometimes mbeed for green paint, ns also 
chalk and copperas 5 but paint made with them, f bough answering tolerably 
well for interior work, falls in powder when exposed. Mineral points arc 
tbo most durable. 

180. Litharge is 0 preparation of lead, obtained from the filnj formed ou 
the sarfaco of tho metal when in a state of fusion. This film c.xpoacd to 
heat in open vessels produces a yellow substance, used ns a paint, and colled 
tnassicot (proto.xiJo of lead); and this partially fused with charcoal, is the 
cotnaion but impure Jitharge. TIjo massicot corefnJJy healed without 
fusion, changes its color and becomes red lead or minium (doiitoxyde). 
li'diVs fend (carbonate) is made from tho crust formed on the surface of 
ca«t lead, when exposed to the rajmurofacctic acid or vinegar. Led and 
ytUoic ochres are colored earths. Prtissian blue is a chemical coinlilfiatinii 
of iron with the compound named cyanogen (which means producing Hue) : 
it is prepared by a long process which it is nccJlelo«s giro here. J rr- 
digri* is produced by the action of vegetable acids on copper. Lutmp 
blaci- is soot caUected from thabarataffof resinous niid oJeaginons mailers. 
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Umtcii oil, Iiftvinj: llic pmpfrly of drying, i? the oil nlirnys nscd. It 
generally boiled with llic addilioa of n email quantity of litliorgc and 
engar of lead, and it more particularly, i%ljcn tlius prepared, goes by 
tlie name of rfryi'»y «i7. Knlive painter* ti'sc n preparation of Unsccd oil 
Tritli #!T«d(irnc7/ ; this resin (called #:u«d»<ws or ioondnis, also hihocha) 
being first melted over n strong fire, and tbc oil ibcn added till tlic wliolo 
is of a semi-flnid consistency admitting of being drawn out in threads. In 
this state it is hrpt, and with furiher additions of oil, as required, is both 
employed as a ramish and mixed with colors for painting. 

TttrpfnUtt is not generally used for external or finishing coats, as it 
does not stand exposnre so well as oil : it i«, however, so nsed with 
white paint, which it discolors less than oil does. When the finishing 
coat is laid on with turpentine only, the work is said to be JlatUil. The 
turpentine employed in painting 5s distilled with common water, by which 
it is freed from resinous matters, and is called Pi7, oT tsitnet, or ipiriia of 
t»r/>fn7ine, being known in commerce as Utrpa. 

White zinc, or oxide of Hnc, is in use as a snbslilnto for white lead, 
It is stated in Hunt's IIsnd>Book tbat this zinc^white, " although of a 
beantifoily white color, is unfortunately to a certain degree, transparent } 
and It is stated by painters, that it does not possess tbc covering pro- 
perties or the body, of the carbonate of lead. Another difficulty attending 
the use of zinc paint, arises from the circumstance that it remains on 
the wood a long time before becoming sufiicieDtly hardened to admit of a 
second coat being laid on ; whilst as most of the compounds sold under the 
name of potent dnjers contain lead, the introduction of this substance gives 
it the property of becoming black when exposed to sulphuretted hydrogen, 
and thus entirely destroys one of its most valuable characteristics. Tliis 
arises from the fact, that the oxide of zinc will not combine with oil to 
form a plaster, in the way in which the oxide of lead does. It is much to 
be wished that the resources of modern chemistry may be at length found 
equal to the removal of this disadvantage ; as from the baneful influence 
exerted by white lead, both on the persons who are employed in its manu- 
facture, and on the painters by whom it is applied, it is greatly to be desir- 
ed tbat some good and equally cheap substitute for this substance may be 
discovered. ” 

161. The first thing to be done in painter's work is the cleaning and 
smoothing of the surface to be painted. Before painting on resinous woods, 
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it is further necessary to proride against the defacement of the ^rork hy the 
exudation of resin from the knots. To effect this, red lead mixed with 
size is generally applied, and the surface is afterwards smoothed with sand 
paper or pumice stone. This is technically called Wlin^ the knots. For 
fine work, knots may be cut ont to the depth of one-fourth of an inch, and 
pieces of the same wood inserted, simply glued in, and not compressed ; 
for if so, they might afterwards swell and spoil the surface. Holes and 
indentations on the surface ere filled up with putty, made of whiting and 
linseed oil. This is done after the application of the first coat of painty 
Heads of nails should be pnoched in, and stopped, with putty. The first 
preparatory coat of paint, which is most frequently of white lead well 
diluted with linseed oil, is called pnmtng. The work should be well rubbed 
down between each coat, to bring it to an even surface, with pumice-stone 
or sand paper. Should the knots be apparent through the second coat 
they must be covered with silver leaf. 

In repaiating old Trood-rrork, it should first be scoured with soap and 
water, and if smoky orgrea^, Hmc-washed; when dry mb down os above. 
Any parts of the paint that are chipped off or blistered must bo gradually 
brought op by touching them 3 or 4 times with color, then re-paint. 
'When much blistered, it is necessary to get rid of the old paint, which 
may be quickly done by applying o charcoal fire-holder or brasier near 
to it. 

Instead of paint, wood-oU (guryun-td) is sometime used. It is a liquid 
resin, and should be prepared for use by boiling with a little dammer, which 
gives it a palish and causes it to dry quicker, but the dammer should not 
be added when it is to be exposed. 

Wood-work should be quite dry, as also stucco, before painting. In 
tcrrnced-roofs this must be carefully looked to. 

The painter is generally provided with one or more assistants, to grind 
and prepare his colors, &c. One man can grind about 15 chittacks of red 
ochre, H of white lead, or 5 of verdigris, per diem. 

In laying on the color, the brush should bo applied at right angles to 
the face of the work, the ends of the Lairs only touching it. The paint is 
thus forced into the pores of the wood, and equally distributed ; whereas, if 
the brash be applied obliquely, the paint will bo left in thick masses irhoro 
it is first applied. In Indio, paint brushes arc made from the einewa 
(tant) of cattle, and limo-wash brushes from moon; or hemp. 
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1S2. Distemper.~Tbe coloring of plastered and \rliitcwnslicd walls 
may be, and commonly is in tliis country, laid on with ivater or with water 
and size, instead of oil j a kind of painting known by the name distemper. 
The materials chiefly employed for this purpose are red and pelhw ochre, 
the flowers of the dhdh tree, the red earth called Urmzee, orpimenl, indigo, 
and blue vitriol (neila tntya). 

The dMhJloivers gire a pink, light orange, or bnff color not rery durable. 
Orpimeni (hurtal) is a yellow colored mineral, a componnd of snlphurand 
.arocnic found in a crystalline form in Various rocks. There is also an 
artificial orpiiaent, and from both the natural and the artificial is made 
the color commonly knownby t)jc name of hing's ytlloio. Slue vitriol is a 
sulphate of copper, or combination of copper and eulphurio acid, generally 
prepared artificially, but sometimes obtained also in a fluid state in copper 
mines. 

Combinations of the above coloring materials are employed to produce 
drab, stone color, Arc., &c., and the depth of color is redneed at pleasure 
by* the addition of whitewash. This kind of coloring work is in India 
generally performed by the masons, and if carefully done, with plenty of 
sizing, looks very well. 

183. The following description refers to this kind of work as executed 
in Calcutta, and a few recipes are given of some of the most favourite 
colors : — 

When the walls are rough, and not lime plastered, they are to be enamelled with 
lime plaster, so as to make the surface enooth. Then thick curd or ehinS 

mised with lime water, or simply milk and water of equal proportions, is to be 
washed over the scrfscc, to form a body for the water coloring. 

The water color to be mixed with half milk aad half water, with while of eggs, 
and pure China glue, the latter prcrionsly boiled in water and made into liquid The 
color EO prepared, to be laid carefully on the wails, in one coal, with an English 
brash, so that no cnl shades be visible on the walls. 

Xabor for coloring, about 2 annas C pic per 100 superficial feet, 

Ditto for flowe/s in the corners, &c, according to sue and description, from 1 nnna 
C pie to 3 annas each. 

Ditto for border or Uniug with ditTecem colors, according to size and description, 
from Ils. 1'4 to 1-12 per rnnning foot 

184. Varnish.— Is a. solution ofrariou? resinous substances in rapidly 
drying solvents. 
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jrafrnrsj iRpffi'np rttn C%A (nfttittnu for iifftrtni d<icription» of naUr 
nMne, UrdtrtfJtiVfnitf, 100 tuptrj(e1ai/<et rf nail turf act. 


f VrtStlnc •• • 

K •! I Umber, bant, •• .. 

p S < Cbrom* TellOT*, •• 

i Glne, 

( Vemlllon, Cblai. ) toUb, 

{ Wbhjcg prrder, *. 

Clue 

Chrome ytllow, 

rWhilirg powder, .. 

1 r.ioc 

I Chrome yellow, 

LYcIIow ochre, .. .. 


^Whiting powder, •• 
< Freaeh green powder, 
\^Gl8e, 


Wbltlcg powder, 

Cine, •• •• •• 
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It is applied to ornamental woods and to painted surfaces, to protect 
them against injur/ from moistures, &c., and to impart a clear shiaiag 
appearance. On a surface to which it has been applied, it is a tbin coat of 
hard end transparent resinous matter, and the varnish prepared for use is 
this resinous matter in solution. It is dissolved in alcohol (spirits ofu-ine), 
drying oil, or turpentine, which dry up after the varnish is spread thin over 
an extended surface. 

Tiie following compositions make opprored varnishes 


SanOaracb, .. .. 230 parts.) / Anlmi rcsia,.. .. .. 

Mastic C4 „ / iLithargc, ,, ,, .. 

£lcaii resin, . . . . 32 „ > / Sogar of lead, • • • • 

Turpentine, .... C4 „ I /Turpentine 

Alcohol, 1000 „ ) (Linseed oil, 


2 Ks. 
1 02 . 

I „ 
SI qts. 

3 


Copal 

■ • 300 „ 

Oil of torpentine, 

. . 500 „ 

Lioaecd oil, . . . 

.. 200 „ 


1 Paleshelllac, .. .. 730 „ 
i ' Mastic, ........ 64 „ ■ 

I Spints of wise, .> *. 1000 „ 


These are carefully boiled and strained. The linseed oil used for this 
purpose is prepared as a drying oil. 

.S'artdaracA, masffo, ilmi, antW, copuf and fac, aro substances produced 
by diiTerent trees : the first obtained from Africa ; the second from the 
Grecian islands ; the third from tho TVest Indies ; the fourth from South 
America,* the fifth from both East and West Indies ; and the sixth from 
tho Eastern Islands and many parts of Hindoostan. 

A kind of ramiah called Dftoona has been obtained from the etU 
tree. 

JLac is obtained from scvcrol common trees, peepul, dbok, &c. It 
exudes from the punctures made by a littlo insect knoim ns the lac insect. 
The lac as thus first produced on the branehea of the trees, is called slick 
Inc ; the some, pounded and cleansed, goes by tho name of retd lac ; and 
this again, melted, strained, and dropped on smooth plantain leaves, forms 
the thin sheet of purified resin known as sfieU lac. Tlio dried dead bodies 
of the insect arc u«cd to form the well knows scarlet dye, ( l.ac or Lale,} 
while the prepared resinous exudation is ntillzcd ns an ingredient in 
vnniish and in Incqncr, winch is the name jiarticiilarly oppliod to varnish 
mnde of lac. witli the addition of varions coloring matters, niid cmjdovcd 
]>nui.ipally lur niclaU. 
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Brass lacquer. 


Pale abdl lac, .. .. 1 lt> 

GaTiboge, 1 oz. 

Cape aloes,.. .. .. 8 „ 

Alcohol, .. .. .. 2 galls. 


Gold Lacquer. 


Pale shell lae. .. .. i th. 
Saodaracb, .. .. 8| tbs. 

Tormerte, .. .. ..1 K- 

Gamboge ozs. 

Alcohol, 2 galls. 


186. Mastics.— MasUc is the term applied to natural and artificial 
cnniliinations of bituminoiis or resinous substances ^itli other ingredients. 
They are used as cements to other inateiials, or as cojitings to render them 
impervious -to water. Artificial mastics have been fnrired by mixing 
vegetable tar, pitili, and oilier resinous substances with litharge, powdered 
brick, powdered limestone, &c., but the results obtained are generally 
inferior to those obtained from bitniiiinous mastic, or Asphalle, wliicli is 
a natural combination and is used for pavements, Huor*:, roof-<, coveiing 
walls and arches, linirg tanks and drains, and covering the ground conrso 
of bricU-nork, Ac, to prevent the rising of damp in wall*. Natural 
aaphaUe consists of carbonate of lime intimately cnnneited with litunien. 
It is found in the neighbourhood of the Jura mountnins, and is melted up 
with minend tar so as to form a compact semi^elastic solid, well intnpU-d 
to resist the elTects of modciate beat ami wet. It is laid down hot, gene- 
rally over fine concrete, and detailed iii'-triu lions fur Its preparation will be 
found in Vol. II., under the head of Flooiing 
188. Glazing.— fi/orinj is the art of fixing glass in the frames of 
wi nows. It is secnrvd with putiy, which is a tough tenaiions parte, 
Gonsi>ting of whiting and Iinsee<I oil, much improved by tbe a<iditinn 
of a little wbite-Iead. The ingreilienis should be well beaten together 
for several hours. In India, putty is frequently made with tlmlk, resin 
(rd/) and linseed oil. Turjientine oil is sonietimes mixed with ibeae 
iiigrcdienta, nr wholly substituted for Ibe linseed oil, to make tic putty 
harden quickly. 

Large panes of glass are also secured with small rails or “ sprigs.” 

Glass is cut by means of a glazier's dbimond. Care should be taken to 
bed tbe glass to be cut, on a soft thick yielding substance, which shall ac- 
commodate itself to any inequklUies m the surface of the pane, especially 
with panes of any size. A straight edge is applied, and the diamond being 
drawn steadily along it, a smuolli fissure or superficial crack is made, 
which should bo continued without interrupUen from one end to the 
other of the line in which the glass is to bo cuL The skilful vrork- 
TOL. l.— TUinO CDITXOK. S T 
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man t&ca apph'ei a saull forCQ aotelf at oae cstremitj of this liae, and 
thd crack which he forms is led bjr the fissure almost with cecutut^ to the 
other cud. 

167< F&pdrlng.-'Iloomsfirosdldonipaperedin India, except in dwell* 
ing houses iu the hills: the/ could howerer essil/ he papered in most 
parts of thd countrj, except perhaps in a damp climate like that of Bengal. 
The paste, with which the paper is attached, should be made with arsenic, 
to protect the paper from wbite-ants, dec., and of a thin cousistencj, just 
enough only being applied to ensure the adhesion of the paper; otherwise 
it will peel off. 

One principal reason for adopting tKstemper for interiors of Indian 
dwelling-houses, in preference to papeiing them is the comp.araiire 
case and economy witli which the white and color washed wall can be 
periodically cleaned and recolored, a measure often demanded on sanitary 
grounds. As now, howecer, a washable paper has been introduced into 
^England (by the Amaranth staining company) one of the chief objections 
against paporing interior walls in India ta rcmoTcd. The surface of this 
new material is QOQ*absorbent, while it has the same dead unpolished ap- 
pearance as the ordinary paper and is quite as cheap. Soap and water 
washing remores crery form of discoloration ood eren a stiff brush does 
no injury to texture, color, or pattern. 
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188. The mere digging orcntting into tto earth is so common and 
ohrious an operation that it may seem to reqniro neither shill nor explana- 
tion. This however, only applies to small and ordinary operations ; for 
when the ttotIv is extensive, as in the formation of canals, teservoiTs, 
ttinnels, and the like, many expedients are resorted to that might not 
occur to common workmen; they have arisen out of experience, and are 
adopted because tliey economise labor and time, and consequently dimi- 
nish the expense of executing the work. 

In many countries, the mere mode of execnlmg the woik is of IHtb 
or no importance to the Engineer; his duty being to set out the form 
of the work according to the plans previously prepared ; and to see that 
it is properly executed. The reasou of this is. that workmen may fre- 
quently be found, who will contract for the whole business, either at one 
specified sum of money, ot for a certain price per cubic yard, whalever the 
work may happen to measure; and in these cases such workmen hire and 
pay their laborers, End all the necessary tools and materials, and execute 
the work in such manner as they believe will render it most profitable to 
themselves. The Engineer, in this case, has no care or trouble about the 
execution, nor should he inteifet© in it, unless he perceives something 
palpably wiong. 

189. The usnal course of proceeding, when contractors for the work 
can be obtained, is for the Engineer to prepare his map or plan of the 
country, together with a correct profile or section, to scale, of the intended 
work, and to write out ft specificnlion explanatory of his drawings and 
plans, stating how the work is to be executed— where the spare soil is to be 
deposited — when the work is to commence — what time will be allowed for 
its completion— how and where it is to be paid for — what penalty is ex- 
pected to be incurred should the work be slighted, neglected, or not 
finUhed within the stated time — ^whether the contmlor is to he kept free 
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from water, shonliJ spring? be cut in the progres? of his operations, or 
wJjitlier (ns it U cnlle.l) bo is t> bs.ir liis own water-cli!ir<es— 

an 1 any other panicnhtra necessary to ba kn )wn. Tiiese phitis an J p irti- 
cufars are tiiOn depostteJ in soma iicoas'ibie pi ice, as near as possible to 
wliere the work is to lie peifunnal, or in a neighboming to>vii or city, 
Ailrettiseiiiunis are thfii insertel m new-'papers, or otlierwiae bnnight 
befiii'e the no lice of the pubh *, Ntitinj; tliat cei tain wo. kf ara rei^uue ( to 
be done, tlic plans anl pirttonl.irs of irfncli are ilepusiteil for iii>pectiun 
nil I e <>1 >1111 itiuii (it a cei lain place, fr *m ->oin j spucifieJ d.ite to an itlier ; 
and inviting all persons who may be willing to contract fir the exeea« 
tim of siU'ii wnrk to inspect the plans, or the gruninl u.self, and to send 
in sealed tenders to a ceitAin place, on or befoie a certain day; in wbiih 
they SI’S to state the price an I coiiditions upon a h/cb they will an<lce- 
take the perloiin.inee of the work. These ten>iei6 are opened by some 
antboiized person, and the cmnmoii course is to let, or giie the vrork to 
the lowest bidder. .Notwitlistan ling this is the nsiiul practice, it is one 
that ought not to be onivcrsally adoptel, becniue the alnlity of the con* 
tractor to perform the woifc, and bis re8|«ictabiliiy, ought uUvuys to be 
enquired into, ^tany instances occur in whicli parties, from the hope of 
gain, will put in tenders, without being' Acquainted wUlt the nature of 
the work, and will take contracts for its perluruisnce at ptices lower than 
it can be possibly done fur, altliougb they perliaps neither possess the 
necessary implements, or capitul to pay their men, or provide wiiat is 
necessary for its execution; and notwithstanding they may give sureties 
under bond for the due performance of wlmt they undertake, yet when they 
find it costs more than they are to receive for it, or that tlieir opeMliuns 
are so unsatisfactory to the Engineer, that ho WiJJ nut p«s» their at-counts 
for payment, abscond, leering their sureties to sutler, ur prove ilmt ihi*y 
ore not responsible. 'Jhu Engineer has then tolouk out for utlier pcibuus 
to fitii'h his work, after much delay and vexation, niid jicrliajis can only 
procure them at veiy advanced piices. The Engineer, fiom his knowIC'ige 
and experience, ought to he aile to Judge of the viiJiio of uliat he trieuns 
to execute, and bhoiild be coiistibeU as to the tendeis befoie any one is 
accepted ; and he ought nut to permit any lender to be itccepicJ vvhcu he 
knows the jirice uffeicd is such a one as will nut allow the Wuik tu be 
executed iu a good and substantiu) manner. 

To form a epecidcation, however, requires a sound knotrJcdgo of the 
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is sufficient to laaintAin the side cither of aa erabankajcni or of a eattiag 
ftt a uniform slope, whose angle to the horizon is the awjU of repose. 
This is called the slope xit the earth, and is the lowest slope, which 

soil thrown down frcelj and loosely, tends to assume and permanently to 
retain. The tangent of the angle of repose is the co-cfficicnt of fnction 
of the soil ; and it is usual to describe the slope of earthwork by the ratio 
of its horizontal breadth to its verbcal height, that is, by the ratio of the 
radius to the tangent of the angle the elope makes with the horizon; the 
greater tliis ratio, the greater the slope.* 

The roHowing are the ohserred angles of repose or natural slopes of 
several kinds of soil : 


1 

Einh. 1 Ahk )0 ct 

, 1 reacse. 

1 

CoftoznaiT dc- 
1 (igmUloa of 
' oacent flcpe. 

Dry wad, clay and mixed earth, . . 

|{r 

SMngle and grarcl, | 

« f from 

Ito 

Mad, 

37* 

21* 

45* 

17* 

U* 

4S* 

35* 

45* 

14* 

0 

J'33 tol 
SCStol 
Itol 
323 tol 
4tol 
*3 tol 

1*43 to I 

1 tai 

4 tol 

0 


The most frequent earth-slopes are those called Ih to 1 and 2 to 1, (the 
latter being generally for depths crcceding 35 feet,) corresponding to 
angles of repose 33^® and 26^*, nearly. The presence of a small amount 
of moisture in the earth seems slightly to increase its friction; but any 
largo quantity of moisture dimim'sbes it, till the earth is reduced to a 
semifluid state. Hence to insure Irictional stability, provision must be 
jnado for draining off the water contained in tho earth. 

•• tftCwrrllilnB »»«<!. a’tft vxafhtitUf pTiTKli*. W6w* 

ro»4U»4iJ In fiv^klup.lt Btentw tli«« In « l>fTrl*ont«I IpnctS ct then**" 

I r<Mf : •fl’l la aeflgnlag a n»>J anJ tirtwiafr ibe anetJon ct It. «Jei srooJJ bcih^ w«/ 1>{ »»rre»»lrji 
the ilof-.. Hal aa It J« oro^t in tocMuriti* th* lenstb of • ««■>. onln* th« iliT*' \c vtrj tn 
Ur Ui»Mialn alfmjtte jrroan l, ^btchn’ornotUhalMalah'lr bnfitontO.arlwof 1 In JOIsMcoai* 

I root isalMiiriaef roa-i of SOfrrt, rtat U thp»I->r* Ii brtbflraUoof 


(« fix •tr> 7 (T tbaa ti onual)/ art wjui la a ou coettir. 
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102. .The iiropcrty of rct&mtng iratcr and fonning a pasto nilli it 
belongs specially to clays, nbicl), bomrer bard irbcn Brat dag, gradually 
soften and disintcgrato by tbo action of tho weather, and loso their 
frictional stability. lienee, slopes of cattings through stratified clays Tiry 
from 2 to 1 to to 1, Altcmato strata of clay and sand aro generally 
considered tho very worst for excaTAtion, as tho sand farors the access 
of water while the clay prerents Us escape. 

AH stratiSed materials occnrrtng in layers inclining to tho horizon 
in tho satno direction as tho side of a entting, aro liable to a slipping 
of one stratum on another. And as it is evident that when strata are not 
horizontal, if a catting bo made tlirongh them, their dip must on one side 
or tho other incline towards the cutting, it follows tliat horizontal strata 
arc the most farorablc for excaration. 

Hocks bavo frequently a certain permanent cohesion; so that, when 
firm and sonnd, a cutting may be carried throogh them with sides 
Tertical, or nearly so. How far this cohesion is to be depended on, is a 
qnestion to bo solred rather by obserration of the rock in each case, than 
by any general principles haring regard to its geological position, cbemical 
composition, d;c.; for its mechanical properties may have little connection 
with these. Generally speaking, however, tho cohesion of igneous rocks 
each as granite, trap, quartz, dec., if they aro not much fissured may bo 
trusted, and they may be left standing at very steep slopes. Of sedi- 
mentary rocks, sandstone and limestone, whether compact or granular, if 
bard enough for building purposes, will stand with vertical or nearly ver- 
tical faces. Sandstone exists, however, of all degrees of hardness, and 
may require a slope as great as to 1 ; while chalk will stand at from^ 
to 1 to to 1, the cohesion of the upper beds being greater than that 
of the lower. All argillaceous rocks, such as shale, must be treated with 
great caution, for the reasons stated in the last paragraph. 
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193. Mensuration, — The bounifaries of a piece of earth^vork in ge- 
neral are as foIlOHs; — 

I. The ba.ie nr /a?Tnaliort, DE, in Ftffs. 1, 2 and S, being a surface, 
near]}' if not exactly hoiizoiital, forming the bottom of a cutting, ortho 
top of an eiiibanktro'nt. 

If. 'i'he on'f/iiia/ surface of the groiinrf, AD, fomung tie top of a 
cutiing or the b<<ttotn of an (■nibAiiknieut. 

HI. The sides nr shpn, AD and SlE, cnnnrcVing the hose trilh the 
natural suiface; Fiys, I and 2, lepreaent section:: of cuttings, the fmuer 



throngh level ground, the latter through <*eide long ground.” If they 
be turned npsi.le down they will represent embaiihineots. S, pbows 





a piece of earthwork, part of which, 
QEB, is in cutiing, and the other part, 
ADQ, in embankment. 0 h a point 
on the centre line of the base of the 
earthwork ; and the horizontal dis* 


* Voft bf (be rirrambo ia ttil« ebapwr am ukrti fna niokinc’i CM! Enrlnminp. rorcjnsUoni 
(3), fi) aad( 7), 1 tun indcUMto Ko&lga Kcaj, Uead Sluter, Upper Subordlnuta Clua, TliomoMn 
Collepr. 

t In aU Uise Spurj VF mtut bo c^jaal t» FC, asil tb« i!ppe« AD, SC, otut be tbt 


AND bETtlHO OUT. 


m • 


tftuce*!, AO find BO, in Fig. 1, and AM and BP, Figs. 2 and S, are termed 
^al/ breadths. It will be evident that only in Ftg. 1, is 0 in Hie centre, 
and tbe lialf-breadtlis in reality equal to each other; for although the 
half-breadths of the base DF» FE, are in all cases equal and the same, 
the remaining portions, AL and BN must vary with the slope of the 
ground, and must be determined by calculation. 

194. Side IVidths.— F or this purpose the following formnlaa are 
given 

In Figs. 1, 2 and 3, let the central depth of earthwork CP s= A, the 
hall-breadth of the base DP =s FE = b; lot f to 1 be the slope of the 
eardiworh, .that is the ratio of horizontal feet to 1 vertical foot ; r to 1 


in a siuiiUr way, the slope of the side-long ground ; b' = horizontal 
half-breadth of the elope, that is BN on the upper side, and AL on the 
lower. • 

I. Then in Fig. 1 — 

b' = sh, (1). 

BC = b -h b' S i 4. sh (2). 

II. In Figs. 2 and 3^ 

BP a r X PO = J X PK = s X (PC -h OF + FK) 

PO (r - .) = a (CP + FK) = . (A + -J-) = 5 + 


PC = and BC = PC' + BP' = PC' + H PC' 

BC = PC V (r- + 1 , = (3). 

which gives the actual distance to bo laid off from 0 to the upper edge 
of the cutting. 

Alio BS' (or i-') = BH' - KH' = BH' - ^ 

y •= and BH = BC - CH. Bnt CH' = FE' + 

CH = ’’ BIl = o/Pnn - 4 V?+T 


and the half-breadth of eloi'e t = t)'' 

= .-S-,('' + 4) w- 


in which the factor ( A -t- ^ an HE, the ilejith ol earthwork .t the edge 

VOL. I. — ^rniRD LDITIOS. 2 r. 
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of tbs lia<e. In tbe satqc vray on the lotrer side of a cutting, or the upper 
■ide of an embaukiuent, in Ftg. 2*^ 


^°=T^yr'+i 

wbcro the factor represents the depth GD. 


.(5). 

0h 


When the ground intersects the base between tl»e centre lino and ibo 
edge of the earthwork, as at Q m Fig. S, the values of J3C and DN will 
be, as in Fig. 2, found from ('juations (3) and (4). 


Also AC 


/ 


f* + 1 


(7). 


and AL = t' = ^ (4 “ 

where ^4 “ 0 height of the earthwork, GDi 

The horizontal distance FQ ss rA (9)< 


It is crident that the above formula can be applied to cases in which 
the slope of the earthwork and of the natural surface of the ground Is 
different on the two sides of the centre Une, ns well as to those in which 
they arc the same. Tlio distances AC and DC must lo known to the 
person who actually lajs out tho work, while UN and AL arc necessary 
for the calculation of its \olumr. 

100. ^ccrro.v Akcas.— F rom the fame data ns are required to com- 
pute the breadths of the slopes, wc may catenUto the area of the cross 
section. Using the fame tellers as before, aud supposing S in each case 
to denote the area required 

^Vhtn the ground is level across, as in Jig. 1— 

S = re.GU = A {2b + f) = 2ftA + (10). 

Wien the ground has an tinifunn aide-long slope iiot iiitcneclitig the 
base, as in /Vy. 2— 

S »rra of Iraperojd GDHII +■ triangle UIIK + triangle AGD. 




«v + 4 . f»/st 

— I* 


•(II). 
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The Mwe qttfintltT mnr nl«a 1*e r\pre«*cil in llic folloninp manner, con- 
«iilerinp ita area «« the (lifTeniire of the liiangJca ABK, DKK. 

= + (>=)• 

Thia j« n convenient formula for nae in connection nith n table of 
tqnarce. 

NVhen the gronn'l inleri>ecta the ha«e, aa in I'hj. 3— 

Here thecrci«a reclion conai«taof twoeimiUr triangle*, QBE and QAD, 
one in cutting, the other in en\hanhment. Tljen QBE will lie greater or 
le«« than QAD, accoriling aa Q ia to the left or right of C, the centre 
point. When Q, C, and P, coincide, the triangles are equal, ond the 
excavation is equal to the cmhantcmenl. Let the area of QBE, llie 
greater of the two as in the present ca<o =: S'; the area of QAD, the 

Tl.en S' = == (IS). 


j,. _ (AM-rQ)nr. _ < 


(h - rA>* 


(14) 


■ -(»' - *> 

197. A’oLmr.s.— With the data obtained in the Ijst two paragraphs, 
ne hare to calculate the voltimes or quantities of earthwork in any given 
excavation or embankment. 

Let length of the portion of earthwork of which the volume T is 
required. 

X. When two cross sections 6, and S, aro given, and the length be- 
tween them, and when S, ond S, are very nearly equal, but rief oMerieise— . 

V = 5:4-^’ X ' (15). 

IL When three equidistant cross sections B,, S,, S,, are given, and 
whole length, then— 

y^S ,+4S.+5 ^ , 

III. Wlien the length I and two cross sections S, and S* only are 
given, the area of an assumed cross section 5, may be found approximately, 
by considering tlie central depth as a mean between the two end depths 
^ jnd the side-long slope of the ground as a harvionic mean 
between the two end elopes — r*^. Equation (16) may then bo 

used ; and the result will be found to be closer than what could be obtained 
from equation (15). 
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IV. When the grouml is level ncfos«, thi*? last process gives the follow 
ing result nnd A*, being the dcptlis nt tiic two ends — 

+..^1 (17 


cr V = } (18 

A formula convenient for «se in connection with ft table of squares. 
T. When an even number (»») of equidistant cross sections, S,, S,, 1 
S«, P», ore given, and <l the distonce between cacl», then— 

V = d (i.+ S, + S, + S. + + %) (20 

VI. Lastly, when an odd number (n) of cqnidisJant cross sections, S 

Si, Sj, Sb, ftfc given, «n«i </ ibe distance between each, then— 

V = J (S, + 4 S. + 2 S, + 4 S. + ...2 S._, + 4 S.., + S,)...{2V 
The term “ Protmoidnl fonmila,” is oppliti! to both the equations (Id 

and (17), which alone are stiioily neenrate. If an En^'tneer required t 
obtain approximately and qtuehly tha quantities of cutting and emliank 
ment in aUematiro lines or eections of a road or ranal, he mi«ht ml 
rantagC'iusly ose equations (20) or (21): but it mu«t bo remcniberci 
that they are but approj»matlon«, and in the case of constantly aldftlnj 
gradients, or naturally oneven grrmnd mlphl give very inacenrnte rO' 
suits. For a thoroughly correct, final, estimate, the prlsnioidal formuh 
ahould be used. 

198. The following example will serre to show how the above formula: 
are applied. 

Let ABCD, be a piece of road on which the sections 6,, St, A-c., are 



at equal di*Unce* of f»fM) f«cl each. From S, to llio road is entirely 
in digging, that point ts parilv »n rmbanbrnent; t'^rcp'r»fulmg 

a seclien of the rfnbank«d |K>rti«>n ntibeliiie I5C ; at ^'^tlicground IrTt-l 
ecro** ; at all the olhrr aeclion^ >• w kide-long. I.rt h ihv lialf«bre«'Uh le 
20 f«t, an I $ the *lope of the earthwori:, lei lo 1 ibrongbofit. 

T,*t the central depths at S,» P,, S,. and S,, Ic 10. C. C and I fort, 
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respectircly, and the natnrad slope of the side-long ground at S,, S,, and 
6^, lie 70 to 1, 10 to 1, and 7 to 1, rcspecliiely. , 

I. Then at S,, the honzoutal half-breadths of the side slopes are 
(eijuations 4 and 5) 

V’ = ^10 -f — 10'43 feet on the side A, 

and 5' s= ^10 — = 9*C feet nearly, on the side D, 

and the area S, (equation 11) 

(1 X too) -K2 y 4000 v 20 v 10) + (4000 y l y. 10) 

4-K)0 — 1 

= 500 square feet nearly ; (equation 12) 

c 4000 V 1 /,« . 20 V 400 - . , 

~ 4 WO — ' i “T/ r ~ sqaare feet, nearly. 

At S, we have (equation 1) 

V ss 6, the hoiuontnl haU-breadth of the side-slopes, and (equation 10). 
S, ss (2 X 20 X C) + (1 X SC) = 27C square feet. 

At S}, in like manner, we have (eqoatioiis 4, 6 and 11) 
f =s 4'4 feet on the nppet evle, and ^ 0 on the lonet side. And 
Sj as 88*8 square feet. 

For the two sections on the line BO, wo have for the half-breadth of 
the excavated alope (equation 4) 5' = 4*5 feet; 

and the half bteadtU of the embanhed elope (equation 8) 6 r= 2*2 feet 
nearly. 

Also (equation IS) S» =s = G0*75 square feet. 

And (equation 14) S, -= ~ ~ 14*08 square feet. 

199. II. Having calcnlatcd tbe areas of the cross sections S,, S,, S , 
S,, and S,, we may find the whole qnnntitns of earthwork. 

To find the volume of the exvaralion from S, to S, the true content 
will be (equation 16) 

■y = x looo = 28214s cuVic f«i. 

If we calculate the same valne by eqiMlion (15) tnking the sums of the 
Toliimcs from S, to and from S, to we should harc~ 

V = ;{• X 600 + X 500 28.')2’2 ™Iilf f.rt, «n 

error in excess of alove SOOO cnbic feet. Or, if we hnJ only thrtno 
secliona S, and S, given as, and we wished to find the Tuloine by as- 
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fitiming S, by the method fihoitn in HI., para. 197, we should have 
~ ~ 0 feet, which is correct, and = 

2 * r + c-*^) 

— 25. 

The negative sign being here used ss ooe slope is directly in the oppo- 
eUe diicction to the other; and the mean slope going with that which is 
steepest, that is, with the one in which r is loss. From the above data 
TVe sbonW find {equation 11)8, := 27C 50 square feet, only half a square 
foot greater than the real area, and from this calculation we should have— 

V = 282-181*3' cubic feet, an error in ejteess of only 3S3 3 cubic feet. 

In measuring the ground Itetwcen S, and the line BC, wo must take it 
in two portions, ns it Is partly in emhankment and portly in cxc.'irntion. 

Tlic emhaiilced portifin is oiprely a triangular pyramid having for its base 
S,, and its height tlip dist >nce between S, and S, ss 500 feet ; its content 
therefore will be x 8, « x 14*03 ss 2S47 cubic feet. 

The exfutated portion, which is a prismoid, may be found in terpTai 
ways, of which the most accurate would he to assume ah intcrtaedlate 
section in the manner shown above. 

The volume of cvcaratlon thus obtained would be 31*749 cubic feet. 

Equation 15 could not with any accuracy be applied for finding this 
volume, as Ihe cross sections S, and S, differ so largely | it would give an 
crrnrm e^scess of more than &000 cubic feet. Korwould it give an accu- 
rate result to find the whole volume from 8, to S» by equation 19> and 
tlien to deduct the portion S, to S, already found. For that forrmda is 
only applicable to a single pricnioid, such as the volome is from S, to S,; 
and the whole volume from S, to S, is made up of two distinct prismoids. 
From S, to S, there one conioion haU-bieadth of 29 feel, but from S, to 
B, thi*. half-breadth keeps dimmidnng from 20 to 13 5 feet, ns may be found 
by cnknlntion. So that the figures nre in no way simUar to each other. 

To facilitaic caicciintions of earthwork, many books of tablea have been 
publiriiod, such ns .^ir John JlncncillV, Biddcr’a, Ba*'hforthV, and other?, 
generally dtpendmg on aomc or others of the fomiulra given in this 
Chapter. 

200. Setting out — In all eases whether contractors arc employed or 
not, the liiiguieer js cspectnl to »tt out hi** own work upon t)>e ground for 
execution ; so that the re»jwi,*.jl,jht> of itsfumt or shape rc'ts upon hiuisflf. 

3 hi? fcltim; out j« pcrfurmeii |»y (IririugetAkc* nt the corners or nugiis, «i.(I 
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strnining a line or cord from one stake to the other, to obtain right lines, 
rrhh-h are afternards marked l>f )<ega or small &t'*kea driven close to the 
line, before it is taken up to set out another length. Or vriiat is much 
better, the line may be marked either throughout its own length, or at 
regular intervals by “ nicking oat, '* or by what in India is called making a 
^aghbtl, which consists in notching the ground along the line by means of 
a phaora, to a depth depending on the nature of the soil, the notch being 
less easily obliterated m hard, than in soft, soil. 

When a square or right-angle haa to be set out on the ground, as in 
digging the foundations for square buildings, or for forming square ponds 
or reservoirs, it may be done by the surveyor’s cross, or by a theodolite, 
first directed to a picket-staff placed in the direction of one lino or 
side, and then on turning the instrument a quarter round or 00’’, tho 
position of a second staff will be obtained; and tbe vertex of the angle 
will be at that point indUatedby a plummet let fall from tbe centre of 
the instrument. The most usual method, however, of setting out right 
angles on the ground, is by an instrument usually possessed by worktnen, 
or if not, that is easily made, called a gtound tqunre. It is merely two 
straight-edged strips of buan) about fi\e or six feet long, tbe two ends of 
whikh are so united together as to form a ngbt angle, (ns in figure) and 
they are held in the posiUou by another similar strip nailed dtugonally 

a 


upon the other two. To 
use such a square fur set- 
ting out a right angle, 
strain a line ab in the 
direction of one of the 
required sides. Fix tho 
point where the right 
onglo is to occur in that line, by driving a stake as at c, and fix another 
lino to it. Then apply one side of the square clo«c to, or parallel to tho 
first line, letting the point of the square coincide with the stake; strain 
tho other line close to the other sido of the sqnnrc, and fix its end to a 
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fitalco d; than rorcrso tlic instrument, and if tlio lines coincide, the square 
nift)’ be* roiiiovej, and the ri^'bt-niigm iiicUcaied, may bo marked on the 
ground. If otJienvise, divide the angle formed iiy the tivo lines, and the 
line so ilivi'Ung it »vill he the jjerpendicular requiied. If a number of 
otlior angles, difTering from right angles, have to be set out for short dia- 
innecs, eiuiikr iniplenients to that descri>>ed, may be made for tlie purpose; 
but this «ni be unnecessary, unless they are numerous. In general, hoiv- 
ever, all angles that differ fiom right angles, aro set out by the theodolite. 
Perpeinliculars to any given line maj' also be set out on tho ground by 
most of the prohlemg by which they can be drawn on paper, using a mea- 
suring chain, tape, or Icnotteil coni, in the place of compasses. 

201. Ceiitig l^ine. — In setting out a piece of earthwork such as a road 
or canal, the fir""! thing laid dmvn is the centre line. Pegs should be driven 
along it ttt iutervaU of from 200 to 60 feet apart, according as the country 

level or hilly ; the heads of these pegs should be flush with the ground, 
and tho levelling staves should be placed upon them in levelling the centre 
line, which is the next thing to be done. To estimate the depth of 
excavation or tlie height of embankment required atenchpeg, alongitudi- 
Rnl section of the central tine must be plotted on paper; and the/bmation 
fine, that is, the surface lino of the earthwork, to be executed, such as tho 
surface of a road or tlie bed of n canal, must be drawn on this section. A 
little calculation will then show how many feet above or below the ground, 
the formation line will be at each peg. Having obtained this depth the 
half-breadths may either be calculated from the formulre in para. 194 ; or 
they may be found aa Miows, 

202. To set out Side lPV<fr/<#.— The fonjiulaj given above for finding 
the side widths of any eiubankinent or cutting, though useful in office cal- 
culations, would not be generally applicable in actually setting out either 
a Railway or Canal, for the two following reasons— Ist, ITiat ground is 
seldom found to fall with so regular a slope «s to allow the foimula to be 
used, since tho least deviation from tho slope that has been asiuraed, such 
ns o hillock or mound, will throw the widths out ; Siidly, That ns crois 
sections at each chain stump uinst be taken in order to find the slope (r in 
the formula), it is easier to plot the section, and take the side widths offby 
scale, than to investigate them matiiematicaHy. 

• There are two methods usually adopted mpraclice, their ueo depending 
a good deal on the nature of the gronnd. If the slope be so abrupt or 
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wooilctl, that one or two scttings-np of Uie level nill not command the 
whole length of the cross-section, it is perhaps easier to take the cro«5 
p(v:tlons as best one c.an, nml After plotting them, to take the side widths 
off by scale, and lay them down in n second operation on the field. Dot 
in any moderately level gronml, the following method will bo fonnd by 
far the c.asicr, involving ns it does but one operation, and giving rcsnlls 
ns correct os the nature of the case admits. 

Let the line Eli represent the natnral surface of the gronnd at the 
cross section ; it will readily bo perceiv- 
ed that the real half-width CF is nuich 
shorter than the horizonLal or computed 
half-width AC, becanso the gronnd is 
depressed on that side; and tho Imlf- 
widlU Cl on the other side, greater, tlio 
ground there being elevated. TIte problem is to determine exactly the 
distances CF and Cl. First let us suppose the point E, or the distance 
OF, to bo known, and that with a level we determine Iho difference of 
level between the points C and E, (t. e., the lino FE) \ then we have n 
small right-angled triangle AEF, of which EF is determined, being the 
difference of level, and tho ratio of AF to FE is known; therefore tho 
side AF is known, which subtracted from the computed half-width AC, 
gives CF, the required distance. 

203. HorvcTer, wo have been supposing that tho point E is known, 
whereas that point is the object of our search ; in practice therefore wo 
proceed thus 

Take the computed balf^'brcadtli, and if the ground is depressed, let a 
levelling staff be held somewhat nearer the centre line than the computed 
half-width for an approximation to the point E : then determine the dif- 
ference of level between this assnmed point ond the centre point C; multi- 
ply this difference of level by the ratio of thcslopes, and subtract the result 
from the computed half-width. If the remainder be equal to tbc distance 
of the staff from the centre line, our assumed point is correct ; but if not 
the operation must be repealed till the two agree, or very nearly ; remem- 
bering in our present case of depressed ground, that if the remainder is 
greater than the distance of onr staff to the centre line, that the staff has 
been held too near; and vice versa. 

For example, suppose depth of cutting to be 20 feet, slopes 2 to l,base 
VOL. I.— -Tiiinn EDiTiox. 2 n 
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SC iect, ftuC therefore the computed baU-whlih CA, 5S feet; the groiint? 
teiog depressed, we estimated that llie point E might fall short of the 
compated half- width 2 feet ; we therefore directed lerelling staff to he held 
at 50 feet from tlie centre stnmp C, at which point another staff tras held, 
and by means of a Icrel set np at a convenient distance, we found the dif- 
ference of level between these points to be 0'37 feet, which muUijdied by 
the ratio of slopes 2 to 3, gave 1-74 to be subtracted from the computed 
balf'wfdth 58 feet, giving a remainder 56'2C feet, which differs 0‘2C from 
onr trial distance. This remainder being greater, the staff was directed 
to he held a little further out at 56*20 feet from the centre, and tho 
difference of level was again ialcen, (or rather wo should say the staff 
was again read off, as the level had not been disturbed) and found to 
be 0*51, which multiplied by tho ratio of the slopes gave 1*82 to bo sub- 
tracted from 58 feet, leaving 56’J8 for the second approximation, which 
differiug only 0*02 from the trial distance, was adopted os the correct half- 
width for tho depressed side. 

^V^^en the ground js elevated above the horizontal line, as shown in the 
light side of the figure, the mode of operation will bo precisely the earno, 
except that, instead of holding the staff at a less clista/ice than tho com- 
pated half-width, it mast de held at a ffrealer dtslanee to get tins point II 
by approsimaiion. 

204. In tho case of an embankment, the real half-widths being loss on 
the clcrafcd side, and *grcatcr on tlio 
depressed side than the computed half- 
widths, we must, in thb former ease 
have the st.aff held at n less dislnnco> 
and in the latter, held nt n greater dis- 
tance, froTij the centre, than the e.vd 
compnted hnlf-widths, in order lo get on opproximalion to II and E ; in 
all other respects, tho operation is e.v«ctly tho same. 

Tlie process above described may appear to the reader n very tedious 
one ; it perhaps is so to read, but a little practice will convince him that it 
is a very expeditious method, for in most eases, one setting up of the level 
will answer for several stations, and the muUipHcations by the ratio of tho 
slopes, npon snch small nmnbers os inoslly occur, arc easily performed, 
especially if it be an even number, such ns 2 to 1, 3 to 1, ilc. 

Tlio cohrans of the field-book may l>e arranged a.s in the following 
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esfttiiplc, for malciug tlie calculations in tho field, or may be abridged at 
pleasure 
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205. The most conTcnient instrument, not only for setting out road 
or canal ivork, but for measuring it when finished or in progress, is tho 
tolling pocket tape ; wliich, for this puriioso should be divided into feet 
and iuches on one sidci and into yards divided into hundredths, and num- 
bered at every tenth division, on the other. Such tapes are fitted up in 
leather eases, with a brass wmeh to wind tbem by, and a ring to pass tho 
finger through and hold tho tape at its oxtreme end. The ring counts 
into the mcaiurcmcnt, and in using tho tape the Engineer should retain tho 
box in liU hand, and give the iing to his assistant to hold agtsinst the point 
to bo measured from, by which means he has the figures that give tho re- 
sult of tho measurement constantly under his eye. The measuring tapo 
is a most useful implement to the Eugiiiccr In many of his operations, and 
ns the tape soons wears out by use while the leather box and winch aro 
durable, every Engineer should know how to prepare his own tapes for 
renewal. The best ond strongest thread tape (not cotton) should bo pro- 
cured, half or fire-eights of an inch wide. Tins should be tightly stretch- 
ed in long lengths between poles jn tho open nir, in which position it is 
painted ou both sides with white lead ground in oil, such as is used for 
liousc-paiutiug, and left until it gets quite dry. It is then brought in and 
laid upon a long table for division by scale and compasses, and the divi- 
sions being marked in pencil, arc afterwards finally put in with black oil 
paint, used with a pen made of a dry reed. The largo division?, such os 
feet, yards, vie., are usually marked with vermilion ground in oil, in Order 
that they be more distinctly seen. 

200. It is evident that although the central line of stales by which a 
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road or canal has been ect out must be regular, this can never be the case 
with the exterior or eido bank stakes^ which must always stand in irre- 
gular or zig-zag lines unless they arc on perfectly level ground ; notwith- 
standing which, the work set out by them will be straight and regular 
when finished, and brought to one uniform height. Indeed, the face of a 
country is often so altered by the excavations and embankments of large 
public works, that its iohabitaots scarcely know it, and the Engineer 
himself would frequently be pnzzled in the measurement of the work done, 
from his inability to distinguish between ite former state and the recent 
alterations, were not certain macks made and left for this purpose. It is 
on this account that certain conical masses with grass and stakes on their 
tops, termed bench-marks* by the Engineer, and mutams by the motives of 
these jyrQTinccs, are generally foond standing in the middle of canals, rcser- 
Toirs, and other excavations, particularly in uneven countries, in form like 
y in the figure. Their use is to mark what was the surface of the ground 

before it was touched; for 
they are not built up, but 
consist of some of the form- 
er soil left standing by dig- 
ging the earth away around 
them. The grass growing 
upon them is the grass of the original surface, which liaving been un- 
touched, continnes to vegetate and prevents any deception being practised 
ns to the actual former height of the soil, when the quantity of excavation 
is measured after its completion. 

These little hillocks likewise serve to preserve the positions of the central 
line of stakes by which the work has been set out ; for they are usually left 
round those stakes or round every second or third ns may be necessary, so 
as to give the Engineer an opportunity of levelling at any future time from 
the origiual centre stake*', or measuring distances from them to the side 
banks, or taking the depth of the catting. And they are never removed 
until the work has been measured, and is iu such a state of forwardness as 
to render their longer retention useless. 

It sometimes hniipcns that tho cutting or excavation for a ro.-id or canal 
is very deep, and wide at the top, os when o hill has to bo passed through ; 
and in that case these bench-marks cannot bo left, for their base would of 
• Kot to be costoDnUed Titb tbe beneb narks used In Lc^ cUin^. 
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necessity I'c so largo ns to block np the lower jiarl of tbe work; in sncli 
places tbe fiirfacc of the grouml can only be detennined by carefully level- 
ling it previous to beginning the excavation. For if nny hollow or protu- 
berance in the natural ground exists, either on a hill or nny otlior jdaco 
that has to be cut tlirough, it may make a considerable addition to, or nb- 
flraction from the quantity of earth to be removed, and is frequently a 
source of dispute sritU workmen. 

207. "When the cxlrcmo sides or lines of a portion of earthwork have 
been set out, nothing more is necessary in order to produce tlio figure or 
form rcijuircd, than to de«irc the workmen to proceed and carry up or 
down the slopes with an inclination of two to one, or any other degree that 
may have been previously arranged; but it may not he obvious how tho 
liccc««ary correctness of slope is to be ohtamwl and preserved, liiis is 
done mcehnuically, either by means of an implement called a levil plumb 
rtiU, or ty a cUnomtttr. 

The tevi'i pfumh rtiie shown in figure, comists of three strips of board a, 
I and €, framed together in the form of a 
triangle, the piece a being a common 
plnmb rale and plummet, such as is used by 
brkklayers, ood which l>cing held upright, 
the pitfco e is so fixed os to represent tho 
slope required for tho bank, and b is merely 
a brace for retaining tho other two pieces in their proper angular position, 
and therefore need not make a right ongle with a, though it will be better 
that it should do so, because the implement then becomes useful for other 
purposes. For instance, it may be used as a ground square, as in figure 
page 231, and by having a large hole for the bob to play in at each end of tho 
plumb rule, the iustrument may be rcrer&ed by making b the bottom rail, 
and then it becomes a useful level for testing tho level parts of the work. 
The sloping side c, ought to be at least three feet long ; and separate in- 
struments of this description will be necessary for each particular slope, if 
more than one should be adopted. IIa\ing such an instrument, there will 
be no difficulty in giving the necessary slope to the hanks. Thus, in Fij. 1, 
page 2 1C, suppose A to be the exterior stake at which the slope is to termi- 
nate. The workman begins by opening a hole of about a foot or eighteen 
inches wide between A and G, taking care to give sufficient slope to the 
side AD; when deep enough, say a foot or two, the lower point of the 




CHAPTER IX. 

TOOLS AND EXECUTION. 

211. Tiin implements required for tlie execution of ordinary earth- 
work may bo dirided into three classes. Ist, Those required to loosen 
and detach the soil from its n.atur.al position ; 2nd, Those required to 
raise the loosened sod from its bed, and place it in (Srd) the vehicle for 
removing it, and depositing it where it is wanted. 

Digging Tools, — Where the soil is loose, the same tool which 
detaches it may bo used to raise It and put it into the vehicle ro- 
quiretl to move it. A spade, 
shovel, or the largo blaJed hoe, 
termed a pJiaora, will do for cither 
of these works. 

JPiclaxe . — Where the soil is 
stiit and firm, it must be broken 
up by a more powerful tool; and 
for this purpose a pickaio is 
used, made of iron with two 
points of steel welded on to it, and 
bent into the form shown in tho 
marginal figure. For ordinary excavation it should ho double ended, with 
an equal quantity of metal in each end, so as to balance well in the hand. 
Two feet from point to point is considered the most convenient length, 
and the metal should not weigh more than ten or twelve pounds ; if heav- 
ier, it fatigues the workman without an equivalent advantage in work, 
and most men prefer this tool chisel-pointed, and abont an inch wide, 
instead of being quite sharp. Tho common fault in pickaxes ns usually 
made, Is a want of sufficient depth and strength in the rye or socket 
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lliroTJpli which the wooden handle passes, for in this place they nsnally 
fail or break. The siilc plates that form the eye, ought not only to bo 
thick for strength, but shouM be al /wjf three and a half or four inches 
from D, to E in order to admit of the handle being well fixed; for tho 
operation of this tool is a wrenching one, and unless this construction is 
attended to, the handles arc constantly breaking or getting loose, which 
proves very troublesome. Pickaxes frequently require sharpening and 
repairing ; if therefore there is no blacksmith in the immediate vicinity of 
the work, a portable forge sbonld bo provided to accompany it. 

212. The sAoiW most approved is what is called licart*5hapcd, as 
shown in figure, instead of straight-edged, though some of both sorts at® 
useful ; they arc sometimes used with a long handle, but the crook baudlo 
as shown in the figure,U a stronger and cheaper form. For actual digging 

upon'tho surface, particularly in clay or soft 
ground, a scoop tool, of the form shown at JFs'i/. 
2 is prcfeiTcd. It is made like a common gar- 
den spade bent into a curved form, and in using 
it, it is advantageous to have a tub, or puddle 
of water formed, into which the tool is fre- 
quently dipped, to preveut stiff clay or loam 
from sticking in the hollow of the scoop. In 
usiag a shovel or spade of any sort, the foot 
must of course bo protected by a shoe or 
wooden soled sandal. Natives of the Punjab 
use the spade in preference to the phaora ; 
and Hindoostani Sappers and Miners dig well 
With it. It might probably be introduced without much difficulty into all 
parts of this country. 

213. Vnder~cuUing.—T\iQ ordinary process of digging consists in 
loosening the soil upon the surface, and taking it up by single shovel or 
spades-full, which “ navigators” (as the best class of skilled excavators 
are called in England) term, underhand working; but they adopt also a 
more expeditious method of proceeding, called under-cutting, by which 
much labor is saved. The first hole or opening must be made in the 
ordinavy manner, but instead of working on the surlocc and digging over 
it one spade deep, and then beginning and taking another spade’s depth, 
they go to the full depth of th® work, provided it is not more than six or 
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seven feet ; taking caw to form the sides to their inleni3cil slopes, kal 
keeping the front or siile, on ^hich the excavation is to proceed, nearly 
pcrpcndicolsr, or without any ilope at all. TUo bottom of tho kola being 
levelled and tried, the lower part of this front or breast, as they call it, 
is nndermined or dug away by tho pickaxe and shovel, to about a foot 
from the bottom, keeping the bottom as level and as nearly in its proper 
range as possible. Tho side slopes are treated in the samo manner, or 
wotked into tbo front about the same depth, tho conscqoenco of which is 
that a largo mass of tho earth of the front rctuains withoat any other 
support than that which it derives from its cohesion or adhesion to tho 
earth behind it, and large masses therefore first crack or separate, and 
fall. K they do not separate as readily as tho workmen wish, two or three 
largo wooden wedges, shod with iron, arc carried to tho surface, and being 
placed a foot or two behind the front or breast, arc strnck with heavy 
wooden tnauU, and this never fails to detach large masses of tho soil} 
which, by the concussion of their fall are broken in pieces suDieienOy small 
to bo taken up into tho barrows for Tcmoval. Thi% though an expedi- 
tious process, is one that is attended with lomo danger to the workmen } 
and therefore requires to be condacled with care. For the cracks or fis- 
inrea that always precede the detachment of a mass of soil, arc Foine- 
tiracs unseen or unheeded by the Trorkmen, and masses fall when they are 
not expected to do ro, and crufh or maim the men beneath. On this 
account a front or breast, of more than about six fevl, shouM not bo *o 
worked ; hut, when the work is drop, tho upper breast may lie krpt fuur 
or five jarrli in ailtrijcc ol the lower one, niih a Hat I'urface between 
for ll e r‘-'.l to fall upon, and d<rj» rutting is almost always »q con- 
dneted. 

diq. 11)0 p^a-'rfi is too writ known in this covuilry to require tnucU 
de*eriplinn. As it is wicl 1 m! r ntirrly by the arm, the laborer rt'tjuirc s no 
prc.t<xtl:n f"r his ftxjt, as h«* dtw^ in using a rpadi* or rhorcl ; as in tho 
ce*^ rf the j Ickaxe it is apt to give way at the rocket lhrut!;;'h which the 
ban He \ m'CS. 

215. Wiccl*Barrowc.—Tl>e comwoa fonn of wIjrrI.Urrows, wiih 
lotr.I/--l liles, will not answer at all for the wmk of exf3TBti'»n, ««ch 
Isrr-wsl-ir.g t») h‘-aty in IhrnjsrUe*, ail very inc^inrcnirnl fjr iarrrt- 
irg l-j du-^tir,:e the I'.d. Tl.e ^'t fvwi, and that e-T.^'antljr «sr ! in 
h r this wprl, is il.onn »n the marginal figure ; it it verjrhalbw, 
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not exceeding 6 inches in depth, its font sides splay open, or make angles 
o! about 45® with the bottom, in conseqnence of which the soil is Tcry 
easily discharged from it; but its principal advantage is in the shortness 
of the axis of the wheel, (which 
should be of cast-iron,) which al- 
lows a facility of turning out the 
contents that cannot be obtained 
ifthc axis is long. Theframeof 
the barrow is constmeted, by mort- 
ising three’eross bars strongly into 
the two side rails which form tbo 
handles, and come so close toge- 
ther at their opposite ends as just 
to admit the wheel between them. The box of the barrow is separately 
made and fixed on to its place, as iodicated by dotted lines in the figure, 
by screw bolts, with nuts underneath; and, as the box soon wears out by 
use, one frame will last for scrcral successive boxes. The pivots of the 
wheel run in iron eyes, fixed by screw bolls under rails, so that they like- 
wise, can be removed when worn out. A barrow of this kind, shallow as 
it may appear, will contain quite as much soil when heaped up, as a man 
can convey with convenience, when working throughout the day. And 
the mere frame of tho barrow, without its box, is very useful for convey- 
ing fiat building stones, or short pieces of Umber, that will lie on it with 
convenience. 

Barrows of the above kind were employed on the Ganges Canal works 
at Iloorkcc. The natives used with it a shoulder strap to case the 
muscles of the arm. 

The barrows shoold not be wheeled upon the ground, but 3-inch planks 
sbonld be used to form level tracts or inclined planes to run them npon ; 
and for this purpose, when the plant, or one or both of its ends cannot 
rest upon the ground, they are propped or raised to the required height 
and inclination by blocks, or a kind of stool with long legs, called tressels 
or horses. Planks of about 20 feet long are preferred when they can 
bo used, not only to obviato a frequent repetition of joints, Inl because 
they are more easily fixed and supported. The bearings should not, how- 
ever, be too distant, because a plank should not spring or vibrate while 
the loaded barrow is running upon it. If it does so, it should be propped 
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or Wocked up in its central part. ^Die slopes or inclined planes, formed of 
TTheeling planks, shonld likewise be made as flat as possible, for it fatigues 
the workman less to run a greater distance on a gentle slope, than a short 
distance on one that is steep ; their steepest inclination should therefore 
not exceed 1 in 12, unless the men are assisted by means of ropes and 
winding machinery, 

216. The usual distribution of hands in shifting earth, is to employ 
two at the immediate excavation to dig and to £11; that is to say, one with 
a pickaxe to loosen and break down the soil, and the other with a shorel 
to fill a wheel -barrow that stands upon the end of a wheeling plank close 
to the work. Should the soil, however, be very loose, one pickman may 
be enough for two shovellers ; or on the other hand should it be very 
stiff, one and a half or two pickmen may be required for one shoveller. 
Another man carries away the loaded barrow and takes it a stage along 
the plank, till ho meets a second wheeler returning on the next stage with 
an empty barrow. At the termination of each stage, the planks are laid 
in a double Lae for a short distance, in order that the full and empty 
barrows may pass each other without interference. At the end of the 
track too, where the barrows are filled by the shoveller, there are two 
lines of planks laid in the form of tbe letter Y, so that the full barrow 
may be on one fiauk while tbe empty one is on the other, and they are 
wheeled when full alternately, up one, and down the other, plank, till they 
reach the single track where the earth is to be deposited. If a long bank 
has to be made, several planks should be laid in a radiating form from the 
single one, in order to distribute the earth by carrying it first along one, 
and then another. By the above arrangement every man should be at 
his post when wanted, either with a full or empty barrow, and a line of 
hands of any extent may be kept up regnlarly at work without a man 
standing idle for a moment. 

The proportion of wheelers to shovellers is generally estimated in 
England by considering, that a shoveller takes abont as long to fill an 
ordinary barrow containing 1 cubic foot of earth, as a wheeler takes to 
■wheel it full a distance of about 100 or 120 feet on a horizontal plank, 
and to return udth 5l empty. If the full barrow has to bo wheeled up an 
ascent, each foot of rise is to be considered as much as six additional feet 
horizontal. 

The number of barrows required for each shorcUcr is one more than the 
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number of wheelers. An English shoreller will lift 500 cubic feet of 
earth in a da^, but a natire workman cannot bo depended on for moro 
than onc-fourth of that amount. 

Barrow and plank wheeling is always expensiTc, and on this ac- 
count it should never be made use of where the length of lead (as the 
distance the earth requires to be moved is termed) exceeds three or four 
stages. For greater distances, especially on nearly level ground, it will 
always be found moat advantageous to cart the soil by one horse carts, 
built for the express purpose. The kind of cart most approved has only 
three wheels, two being behind and one before, the reason of which is that 
sneh carts stand firmly upon uneven gronnd, and will support themselves 
without aid from the horse; they arc light and easy of draught, and they 
turn in a smaller space than any other construction of cart. Tlie framo 
or carriage part, to which the wheels are attached, is independent of tho 
body, and is fastened to it by a pivot bar, very little beyond the centre of 
gravity of tho body when loaded, so that a very small exertion of strength 
is sufficient to tilt the body up, and cause it to discharge its load. Tbo 
tracc-ebaius book on iodifTercntly before or behind, so that cither end of 
the cart may be made to proceed. One such cart carries about as much 
as twelve wheel-barrows, and its overage speed in going and returning is 
about ||th moro tbau that of a barrow, so that each cart is equivalent to 
about fourteen wheel-barrows in motion. In the formation of roads 
where small protuberances of soil bare to be cut off, and probably carried 
a long distance to fill up hollows for obtaining a uniformly oven surface, 
such carts are very useful. 

217. Tilt Wagons. — In all cases where Ibcwork is sufficiently ex- 
tensive, trucks or wagons running on iron rails should be used, propelled 
by men, horses, or locomotive engines. 

Tilt wagons arc of a variety of forms, some called tide-tip or tide-tilt 
wagons, which throw their load of earth to right or left of the line ; others 
called tnd-tilU which deposit it in front or rear, and others again which, 
by means of a circular tarn-table under the body of the cart, can be made 
to project their load at pleasure to any side. Another variety is nsed 
when the earth has to be brought along at a height above the lerel on 
which it is to be laid down in layers, and when a temporary sealToIJ with 
e line of rails carrying the earth cart is run out from the completed por- 
tion of the work over the part in progress. The body of the wagoa fro- 
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queatly employed under soch circamstanccs is mndo to invert entirely, 
throwing its load down vertically between the rails on the work below. 

Where the enbankment requires fo bo only a little broader than the 
rails on which tho wagon runs, os in ordinary railway works, the rear or 
front tilt wagon is the one generally employed. But whore a broad mas- 
eivo enbankment has to be malcc, it is often better to use a side-tilt 
wagon to empty the earth right and left. 

In England the best size for earth wagons is considered to be largo 
enough to hold about 2 to 2i cubic yards, or from 2^ to 3 tons weiglit of 
earth. 

The wheels ought to bo 3 feet in diameter; abont S|- cwts. of iron are 
employed in such a wagon, its whole weight being from 1 to tons. 
Each w.igon carries about as much as fifty wheel-barrows ; and its speed 
when drawn by a horse may bo taken as about one-fifth greater than that 
of a barrow, so that one wagon is equivalent to about sixty barrows. In 
ordinary soil it bas been estimated that one wagon going and returning 
a distance of about C,000 feet, will keep one sboveller at work. If loaded 
wagons hare to be drawn up an ascent and tho temporary rails be good, 
each foot of rise is equal to about 150 feet of additional horizontal dis> 
tance. 

In calculating the number of horses required for earthwork where wa- 
gons are employed, the force which one horse can exert when walking 
slowly on a level plain is taken in England at about 120 lbs.; for the 
small horses of this country some deduction would reqairo to bo made 
from this amount and prohabJ/ £>0 Jbs. wonld be sufficient. The friction 
along temporary rails may be taken at 15 lbs. per ton, or about y^thof 
tho whole load. If wo consider, therefore, that n loaded wagon weighs 
in oil 4 tons, the force of traction to be exerted will bo 60 fts. ; and one 
strong horse will be able to draw two wagons. We shall have, therefore, 
two wagons, one horse, and one man to go with the wagons, to carry to 
a lead of 6,000 feet, as mneb as one pickman can excavate, and one 
BhoTcller put in a wagon. 

2Z8. Scoop.— ii removing surface earth to a modernta distance, 
an implement called a scoop, serving the purposes of the shovel and 
tho wheel-barrow combined, is used in America, and in some parts of 
India. It consists of a large open box like n hand-barrow, but having 
three sides only instc.'id of foar, and the bottom projecting with a sharp 
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c3gc, to the front. Being (trAggeil along by two horses or bollocks, 
it is made to scoop up the earth from the surface at its open end, and 
to convey it along. Tlic attachment of Iho two chains or ropes by which 
it is dragged, is about the middle of the scoop, and it is provided 
with two handles to the rear by which it is guided, and which being 
slightly raised by llie hand of the driver, on reaching the point where tho 
earth is to be laid down, the front edge which is armed with iron catches 
in the groond, and the horses moving on, the scoop is overturned. It 
can only be used of course when the earth is tolerably soft and loose. 
To facilitate excavation of ground having o stilt or hardened surface, it is 
frequently ploughed before setting the diggers to work. 

In this country, when tho work is not on a very large scale, and 
the lead not very great, it will generally be most economical to use 
baskets in preference to any other vehicle. The basket is the natural car- 
rying implement of the native; so it requires no teaching to instruct 
coolies iu its use, as the wheel-barrow docs. Baskets arc also easily ob- 
tained everywhere, at a very small cost, whereas the price of a barrow is 
considerable. 

219. Cost of Earthwork.— From what has been written it will be 
seen that the cost of earthwork roost depend— Ist, On the price of labor; 
2Dd, On the nature of the soil; Srd, On the length of lead, or distance 
the earth has to be carried; 4tb, On tho depth or height it has to he ex- 
cavated or embanked. The price of labor depends on so many things 
that no general rules can be given for it. Each district has its own rate, 
which the Engineer must find out before preparing Iris estimate. It can 
only here be rougbly stated that the price of earthwork in Upper India, 
now varies from Rs. 2 to G per 1000 cubic feet, according to locality, 
and details. 

On tho nature of the soil will depend the amount which a man can 
execute in a day. In some districts it is difficult to get a coolie to dig 
more than 50 cubic feet a day, bnt a native contractor will generally get 
far more work than that out of a man. It was found in digging the up- 
per portions of tho Ganges Canal, where the earth had to be carried on 
an average 150 feet, that three able-bodied men wonld dig and carry ont 
in baskets 250 cubic feet per day, when tho digging did not exceed 10 
feet in depth. These men earned each 2 annas daily; and paying their 
laborers at this rate, the contraclois agreed to dig the canal at Rs. 1-1^ 



per 3,0DU rabk feet jJoTna to 30 feet deep, and at I?s. 2-G bepoad that 
depth. The ecteal rales at irhich the work was done, inclading kreHing 
and smoothing off the eaibankroentj!, and deepening tlio berms and slopes, 
were Its. 2 and Rs. 2-8 for depths less than, and exceeding, 10 feet, res- 
pectively. In Iho Cawtipore division of the canal, where the lead was 
not more than 50 feet on an average, the cost occasionally was ns low as 
Its. X-8 per 3,000 cubic feet. 

Each contractor used to undertake a portion of from 50 to lOO feet m 
length of canal channel, and give it out to gvih-contractors or laborers, 
vrbo engaged to do a daily task at fixed rates, the contractor finding tho 
the tools. Much of the work was done by “ Codes, ** n class of exc-avatora 
well known in the Upper Provinces of India, who wander about wherever 
Uicy can get work and pastnic for their cattle. These men generally use 
donkeys for tlie purpose of carrying earth. 

220> Much valuable experience in earthwork was gained in the forma- 
tion of tho great Embankment for the Sohni aqueduct, on the Ganges 
canal. The earth was fiTstearried in whccl-barrowa on planks, the length 
of run being from 200 to SOO yards, and the laborers receiving Il.s. 4 
per month. This work cost from Us, 3 to 5 per 3,000 cable foci ; and 
as the length of lead was always becoming greater, it became necessary 
to employ wegoDS on rails, 4.10 aidc-tllt wagons were eon'cqoentJy used, 
each carrying from 45 to SO cubic feet of earth, or from 30 to S3 cwW. 
The average cost of o wsgon was Rs 358. These wagons were for « 
long time propelled by men; four bcldars were told off to each; one remain- 
ing to dig and loosen (ho earth, whik three worked the wagon; and all 
four digging and filling between (rips 

Eitling one of those wagons occupied two men from 50 to CO minnlcs, 
the earth being carried 30 feet on an ascrage Ahhough it wav found 
just as cheap to employ men as hortes in propelling the wagons, (ho 
latter were uftltnatefy u<cd, as fabotcra were not cnMiy got in (he krgo 
number required for such a great work. M’hen horses were uvi’d, (wo 
beUsrs were (oU © 11(0 dig and load the wagon ; and one horse drew iwo, 
and a man accompanied each horse. A horse was found to travel 2‘85 
Qikv per hour with s loll, and 3*25 tnilc* with an empty wagon. 

Jlr. Paikcr, in eslimalicg the value of wagon labor with men and 
licncv, has from a aeries of live months* accounts, in which are included 
he chargtv for excavating ondcwrying 1,317,000 cubic feet of earth, 
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abstracted tbe following tables, tllie first when the wagons were pulled 
by horses, the latter when ihey were pushed by men 
Table I— AVEnins of Labok reqnired for 1,000 cable feet of di^ag, and 
csrr/ing the earth in wagons drawn by horsei to a mean distance of 9,200 ieet 
by railway. 


Dncrtptton. 

ATCiag« 

numtiw. 

Itnsuki. 

Mates of beldars, 

033 

From this Table we Hod tbat 108 

Diggers. . 

9 23 

cubic feet Is the day’s work of a 

Horses, effective 

2 84 

digger, and 833 cubic feet that of 

Ditto in hospital 

0 40 

a horse. 

Ditto non-effeetiie hy Sundays, 
holulais, and rain, .... 

0 70 

The diggers have also to carry 
the earth in barrows a mean dis- 

hlen on scaffolding and greas- 
ing wagons (beldars), . . . 

0-72 

tance of 40 feet, m order to £11 tbe 
wagons. 

Do , carpenters, 

008 


Table II.— Avebaoe or LaBOQ required for 1,000 enbic feet of digging, and 
carrying the earth in wagons pnshed by men, to a mean diitaneo of 6,700 feet 
by tramway. 


Descrlptlen e( werkaen. 

Averara 

saaber. 

Tteauki. 

Mstes of beldars 

Diggers and ea riers 

hlen on scaffolding and greas- 
ing (beldars,), 

Da, carpenters 

086 

19 70 

1-00 

QIC 

From this Tshle we find that 60 
coble feet is (he day’s work of a man 
digging and carijing. 


The cost of digging and carrying 1,000 cubic feet of earth, as in the 
last table, was Us. 3-18-0, which includca payment for Sundays, when 
no work is done. Had Sundays not teen included, the cost to Gorem- 
ment would have been Us. 3-3-0. 

In the same manner, the cost of digging and carrying ] ,000 cnbic feet 
of earth, as in Table I, was Bs. 3-12-0, detailed as follows, viz.:— 


Soperintending,- 

Bigging. 

Canyieg by borK’", 

Grea!.ing and oiling wagons. 
Scaffolding, 


B. e. r. 

0 1 10 

1 9 4 

1 10 ” 

0 2 ff 

0 4 C 


3 12 0 


,OL. 1.— THirt' LPITION. 


Total U>, 
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incliiiies pajment for Sandays. Had Sandays nofc been included, 
the cost ^Tould bare been Ri. S-2>0. 

A locoinotjvo fiteam engine was also employed for somelirao on the 
RoorkeO irorks, but it was not found an economical moving power. It 
also proved incoiireiiient, ns it required a line of rails all todtself; since 
it was not safe to use it on tlie saino line as horse wagons. 

Tlio rails on wliicU these wagons ran were inclined at a slope of 1*5 
feet per mile, down whiuli the wagons carrieil tlieir load, returning empty. 
They were formed partly of \ to bar-iron, screwed do»'n to longi- 

tudinal sleepers, wliicli were held in position by cross bars. Afterwards 
light English rails were used weighing 2G lbs. to the yard, whicli "ere 
laid much in the same way as iho others. Ihesc Kiiglish rails were 
found decideilly superior to the others, causing less filction and wear 
upon tlie wheels. But they were considerably more expensive to begin 
with, and could not he so easily replnccd as the bar rnils. 

221. Soring Tools.— It is frequently desirable to know the nature 
of the soil souifl distance below the ground. As for instance, when a deep 
cutting lias to be made, unless he knows whetlicr he will be required to 
dig out soft sand or rock, the Engineer can form no estimate of the pro- 
bable expeiue of the work. Kor can ho calculate what will be the cost 
of A bridge until he knons how deep ho will hare to sink the foundations 
to obiniu a firm Mil)»tratuin. 

Tlie usual inethod of obtaining this knowledge is by boring n vertical 
Jjolo of 3^ to 4 inihcs djaineter, niid bringing up Bpeciinena of the 
materials met with at viirioiis d«*ptl»s. The knowledge llins acquired 
is not witolly to bo (hqicmlcd on; os the epecimciis brought iq> arc 
cru'hvd by the nctiou of Ihw boring tool, niid soiiieliiiies redmed to 
pa'<l>' by ih** "aler poured into tlin hole to keep the tool cool, and help its 
working. It may happen too that tli« tool umy bring up n solitary sjieci- 
men of bmiMer oti wliich tl has aliglildl, and convey tho impression that 
it i't pn<isiiig tliroiigh a Kfratuni of them. 

The ordinary boring t*«di are the awyrr, the irom, and tlieywwiprr. 
These are mtde ol wroUghl-ir«»n, *tcel**d at the points and cultiii;: edges. 
They are about I) fool long, wchledoH tonti Iron bar or shank of about an 
oq-ml length, ntn! |t inch -qnire. At the top of ihc shank Is n screw, con- 
iie, ting it with the lenjthr'thg rmls. These are sqiiaro bars usimlly about 
10 feet long, of tbo same diauielcf as the fchnnk, with screws at their ends 
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by wbicb Iboy can be jomct! togelbcr, to nny leiig’li roqnireil. Tlie tjp- 
piTnuisl rod is cn|)nble of beinsj Iniiig bj n swiscl niii! rope fiDiii a triangle 
or shears scl over tlio boring liole, in outer to Iniiil up the rods. 

Tlic ntiicli is nscil fur nil oriiiiinrj enrtbs. slinie, nod sofl roik, 

is foniii-d likualiolliw cylinder, about inches in dnnneter, sritli an 
open slurp edged slit nbmg one side of it. It is slighily rontraited at 
the loircr cud, and someticaes lias a email specini point like n gimlet for 
'boring in soft roek. It brings up EpcLiiiieiis of ibu earth in the inside of 
its cylinder. 

The irom is a eharp-pointed epiml, used for horing rocks too hard for 
the anger. After (he sromi bus piened the ruik, tlie anger enlarges tbe 
bole and brings np the fragments. Both tlie auger and irurin are sroriced 
by turning them continuously round towards ibe right, by menus of a cross- 
bead, about 6 feet long, drtreii by men. 

To pierce roik too hard for the norm, jumpers are used, tee para. 19. 
Tliey are of vnrious figures, some flat like a chl'cl wiih a sharp edge at 
tbedoner end; some square nitb a four sided point; and some spear- 
pointed. The jumper is worked by raising it to shoit distances, and then' 
diopping it, twisting it half a turn round nfler eaili blow. It is some- 
times simply hung by a rope iitstead of by Irngibening rods. The auger 
is afierwariis sent down to bring up speumens. lu boring ibrongli very 
soft gruniid a series of iron pipes are sometimes pnslird down to keep tlie 
bole open ; these may be made to screw one to the other, so that they can 
be hauled up ogain. 



CHAPTER X. 

CUTTINGS. 

222. Is tho last Chapter, the general operations of earthworh, 
vrhich are common alike to catlings and embankments, were described. 
In this Chaplet it is purposed to describe those specially relating to 
cuttings. 

It must first be observed that as a general rule, it is desirable to make 
the cuttings and embankments on a line of road, canal, &c., equal in cubic 
contents. The object of this is obviously that the earth obtained from the 
excavations should be made use of, and should just suffice, for the neces- 
sary embankments. In the case of roads and rail-roads, excavation is 
required at some parts of the line, and elevation of the road by embank- 
ing, at others. The depth or height of each, respectively, become in a 
measure fixed, when tho direction of the line has been determined, and are 
thereafter to a very limited extentonly, at the option of the designerj so, 
that exact conformity to the rule above given, even when some vaiiations 
in the width of the works are adopted, with the view of effecting wliat the 
fixed levels will not admit of, becoiues a matter of some diffi».ulty if not 
impracticable. 

In the case of canals, excavation and embankment generally proceed side 
by side, and the banks not being necessarly, with reference to the purposes 
of the canal, of any fixed height and breadth, may have their dimensions 
regulated simply by the amount of excavation. Thit is on the supposition 
that the banks form no part of the walcr channel, the latter being altogether 
below tho original surface. It ia not, however, always so. Where the 
ground is low, the channel may be partly m excavation, partly bounded by 
the side banks. A lower Jcvi-l of conutiy may require the bottom of tlio 
channel to be on the surface of the ground, its siiles Iteing altogether form- 
ed by the embankments. Or again it may happen that the whole must bo 
raised above the level of tho ground, the bottom as well as the sides 
being of “ made earth. ” In the last two cases, there being no exca- 
vation at those parts of the line, proriaion mu»t be made, just a« in the 
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Mecof road and railway embankment**, for obtaining the rctinisitc amount 
of earth from elsewhere. It will accordingly be arranged if practicable 
in laying out the line, that some adjoining parts, traversing high land and 
requiring to be lowered, shall supply from their excavations the quantity 
of earth required for the embankments. When this cannot he managed, 
or not to the required extent, the earth must be procured from what are 
called tide cuttings, excavations made for this purpose on either side of 
the line. When an excavation supplies more earth than is required for 
the embankments, the superfluous quantity is laid down in a line, generally 
parallel to the main work. In any convenient positron ; and this is tech- 
nically called a spoil banl\ Cases often occur, however, and especially 
in a country like India where land is cheap, in which it is more eionomical 
to make an embankment from a side cutting close at hand, tlian to bring 
the earth from adistant cutting; or, on (he other hand, it may be cheaper 
to throw part ol the material from a cutting into a spoil bank than to carry 
it to a distant embankment. These points must be decided by the Eugi- 
. seer, to the best of his judgment in each case. 

In England, previous to opening a cutting, it is u«nal to strip off the 
opper.soil or vegetsble mould from (he ground to the drpth of from R to 
C inches, and to pre«etye it for the pnrpo<e of resoiHng the slopes, in order 
that grass may grow on them readily If the cutting happens to be 
through grass land, the sods of tnrfare taken off and kepi rolled up with 
the grass inside in a moist shady place. In tills w®y they may be preser- 
ved for some lime, and take root readily again in the new slopes. 

223. A cutting in a hill side of considerable height is usually begun, if 
the earth will stand for any time 
with vertical sides, by cutting a 
fair vertical face to the work at 
right angles to the direction of the 
cutting. From this face, vertical 
niches, as shown in the figure, are 
made, wide enough for one man to 
ply his pickaxe, after which very 
little labor is required to separate the masses between the niches, the earth 
in the meantime being carried off by baskets, barrows or wagons. In cut- 
ting into a vertical face, one excavator to a breadth of 5 or 6 feet, is about 
as close ns men can work without getting into each others way. 


F>ff. 8. 
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Figs. 1 and 2, Plate XXTIT., pBow tlie consecutive operations required 
for heavy catting ; the cutting being supposed to start from the left. As 
ti»e work proceeds into the hill, and the width is increased to provide for 
slopes, it becomes desirable to run a orveitical excavation wide enough 
for one line of temporary rails nhmg the centjc Jine, in order to bring the 
greatest number of wagons into uve. Tiie wagons in the gullet are filled 
either directly by diggers in front of them, or by barrows on both sides, 
woiking on a stage above them. As the Iwight of tlie hilt increase^, side 
tracks are laid down on this ^erond stage inchning down to the lou er levch 
On these lines the full wagons descend ou [one side, and the empty ones 
ascend on the other. 

I« executing a cutting in this manner, the bed should always be kept 
inclined upwards; so as to allow of any water which may collect at the 
bottom, being easily conducted outto tlieend of the work. This should he 
dona irrespective of tlie slope which the formaiiun bed is finally torcieivc} 
aa may easily be adjusted after the cuUtng is carried tight through the 
hill. 

It is evident that many cases might occur where the above mode of 
operaiious Cuuld not be followed, as it might bo necessary lo remove the 
earth up out of the excavation (o the level of the ground. This might for . 
instauce be t)»e ca^e where a railway had to he carried through a long cut- 
ting; nud to save time ilmigl»thenecessarylo open ground oiinterinediate 
points as well as from the two ends. Thii', however, would not often 
happen, ns the expense would of course be very much increased by such a 
pr-eeeding. In furmiug canals, however, in a flat country like India, it is 
almost alnayp necessary to raise the earth dp from its bed, as in bat few 
cases would it bo possible, or at least desirable, to bring onlthobedoftho 
canal any where to the level of the country. 

224. Horse /fun.— ‘When the bank up which soil has to be moved is 
necessarily very Iiigh and steep, as for example, if it should make nn angle 
with the horizon of 80* or 40*, and is perhaps dO or 50 fecthiyh, an expe- 
dient called a horse ivn, is eoraclimcs resorted to. That is, two tracks of 
plunks are placed upon the slope, and fixed there by stakes driven into tho 
ground and nailed or spiked to thcplanks. These tracks should be placed 
at a distauco a^indcr that rather exceeds the depth of tho excavation. 
Opposite the top of each track a post, wUh a largo iron sheave or pulley 
fixed to it, U firmly let into the ground. Tho whccl-barrows used are of 
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the samo conslmctinus as tho«!e before described, bnt mnch deeper and 
larger, and a strong iron staple is Kxed in tbe front of each for receiving 
tlie lioolc of a rope passing from the Uirro^r in the bottom, up the slope 
through tlie tvro aheaves, and terminating in a hook atttio second barrotr 
Upon the top of the slope, 'in such manner tiiat the tipper barrow cannot 
he lowered without bringing up the lower one, and v<c« vend. A stiaigbt 
horizontal horse-track is formed just behind the pO'tts, extending from 
one to the other of them, and a strong iron ring- being lashed to that, 
portion of tiie rope that is couitmtly between the two posts, the traces ofa 
horse are hooked into it, and as the animal is driven backwards and for- 
ward), he will elevate one and depress the otherof the banows altcrnalely. 
The lower barrow being detached from its rope, is placed where it may bo 
loaded with soil, wlicn it ia wheeled to the foot of the imllned plane, and 
the rope being hooked on to it, a signal is given to the driver above to 
Blart the horse, when he draws the loaded barrow up the slope, a man 
.following behind at the bandies to guide it, and keep the harrow legs 
above the ground. While the loaded barrow ia ibus ascending, the empty 
one descends, guided in like manner by the man who had before accom- 
panied it upwards, his weight and that of his barrow compensating nearly 
for the mau and barrow ascending on the other track. The aoceDiiing 
man has to walk in a direction nearly perpendicular to that of the inclined 
plane, so that he can exert no strength or muscular action to 8S^ist tlie 
harrow in its ascent; bnt, on the contrary, a large portion of his weight is 
added to that of the harrow ; but this is compensated by the descending 
man, who comes with liis face forwards, and by hanging on to the arms of 
his barrow, throws his weight upon it so as nearly to equalize the weight 
of the R'centling barrow. 

The horse run is a elowand expenrivo method of raiving soil, and one 
that should not be resorted to except in cases of necessity ; but with all 
iU advantages, it is ebeaper than common barrow work when the exca- 
vation becomes deep, because then the plank track most be made so very 
long for procuring the necessary gradual slope, that it increase* the num- 
ber of sloping or short stages to such an extent as to be very expetmive. 

5taycs.— Another mode of raiding soil out of deep excavations, without 
ahorse run, is by what is called casting up by tlajes. A scaffolding is 
formed with as many boanled plalforma, at 5 feet al^ore each other, as will 
reach the required height. Tlicy are placed one beyond iLeotber, like tho 
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steps of a stair-case, and a man with a shoyel is placed oo each. The 
lo\VL*st man, who digs the soil, throws it by his shovel on to the lowest 
stage, and the man stationed there delivers it, in lilce manner, on to tho 
stage next above him, end so on in succession, until it reaches the sorface. 
Ttiia method is sometimes 'resorted to, but is a very blow one, and not to 
be recommended. 

225. Slip9 in earthworks, both excavations and embankmeuts, and 
failures in retaining walls are in the great majoiity of instances atttibu- 
talile to defective diainage. Tins, therefore, is n point requiring the most 
particular attention. Arrangements must be itiacle for allowing the water 
falling on the surface of earthworks to flow freely away, and every possi- 
ble receptacle of drainage from the neighbomhood, or collection of water, 
Lu^76ver apparently insignificant, must be carefully looked to, and provision 
made for cauying the water off or preventing its acfumulatiun. Water 
falling on the slopce should be received in what are culled catch-waUr 
druiui, at the foot of the bank ; and, if necessary, higher up aNo on the 



elope (see flgure); and these drains 
must be so directed as to carry tho 
water away from tbe works. Spado 
cuts or chftDDela passing obliquely 
from the summit of a elope to these 
drains, sobs toform a repeated out- 
line of the letter V on the face of 
the banks, are generally sufficient to 


complete tbe surface draiaage. Sbould tbe land slope towards the cutting, 
o caldi-waler drain is also necessary at the top of tho slope, to exclmlo 
from the excavation, water draining off or flowing from it. These catch- 
water drains are usnaly open ditches from S to 4 feet wide, sad from 2 
to 3 feet deep. In hke manner, mcasutee must be taken to prevent the 
admission of water to the hack of revetment walls, or to ensure its free 
escape. Tbe drains provided for the revetments of enttinga are sometimes 
united with those in .he bottom of tho excavation, someiimes carried off 
independently, as r,o nnturo of the works or form of the ground renders 
most convenient. 

226. Draitii . — Forthedrainagoof roads and railroadsin cuttings, fho 
most econoniicsl and efficient method is the construction of open side drains, 
from G Inches to 2 feet deep, receiving all tho surface water and carrying 
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care lias to l>c bestowed npon llic work, for wWcb n rcmnnemtion ii always 
allowed. T1 id<, all remora! of aoil is paid for according to the distance 
it is carried, and if that distance should he increased by forming an em- 
bankment, in<tead of throwing the earth at the sides of the work os it 
proceeds, this would eonstitnte a fair item of charge. 

Again, should the earth be required (o stand against water, os stated 
before, it should be laid in rcgnlar layers or strata, and rammed, or punned, 
in order to break the lumps and make (be work more solid and compact; 
and this is an additional charge. The punning is performed by rammers 
of cast-iron* or wood honpcil with iron to prerent their splitting, and 
worked by men ; when adopted, the courses of earth should never exceed 
9 inches in thickne<s, otherwise (he blows of the rammer will have little 
or no effect on the under part of the stratum; and whether the operotion 
of panning is performed or not, il is impossible for (he workmen to wheel 
and delircr the soil on to an embankment with the same nicety and pre- 
cision as to form, as can be obtained in exeavaling soil from the earth. 
All embankments, therefore, must be rugged and uneven when first form- 
ed, and they require what is called (rtmminy, to reduce them to even 
and fair surfaces. The trimming consists of filling up hollows and eat- 
ing off protaberanees, and this accordingly is ''harged separately, at a price 
agreed upon and regulated by the superficial measure of the surface of 
the embankment, instead of its solid contents. Tlie same kind of trim- 
ming takes place upon the surface of all excavations, but it is never made 
a separate charge, being included in the price for doing the work and con- 
sidered as a necessary finish to it. 

237. PoDDMNo. — If the excavation or embankment is intended to 
hold or retain water, another process called Puddlinj, may bo reqnisite. 
Some natural soils are of a nature capable of holding water without any 
artificial assistance, and clay or loam are of this character ; others again, 
as sand or grarel, and the deltris of stony rocks, absorb all the water that 
may be deposited above them, or they permit it to percolate or run 
through them. This likewise is the case with almost all artificial embank- 
ments when first made, even though they may have been punned in their 
courses and every pains taken in their construction ; and as it is a matter 
of great importanco in the construction of navigable canals, that they 
should retain and hold all the water thrown into them, particularly where 

* Cast-Iron rammen. srcigbtng 13 Ibt. are nt^Md at the Xtoorkco Workahops at lU 1-8 each. 
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water is scarce, or their elevation £s such that the escape of it might prove 
detrimental to tho adjoining lauds, and as no canal can be formed without 
raised embankments in some parts of it, so strict attention to the process 
of puddling, by which alone the escape of water can be prevented, is of the 
greatest importance. 

No cheap and common material is found to oppose the filtration and 
passage of water so effectually as a soft loamy clay, when it is well 
worked or kneaded into a soft paste with water, and is not permitted to 
dry again. Even if a little fine gravel is mixed with the clay it seems to 
hold better, but this can only arise from the small stones assisting in tho 
kneading process. The silt or natorat deposit of tidal rivers is also an 
excellent material, but stiff or strong and plastic clay does not answer; or 
rather, it takes mote time and labor to bring it to the proper consistency 
than can be afforded, as after it has been worked in a pug-mill, it forms 
an excellent material for stopping water. Puddling is nothing more 
than lining the bottom and hanks of canals or reservoirs with this pro* ' 
pared clay or loam so as to enable them to hold water effectually, and tho 
only difficulty is in tho modo of doing so effectually. 

* 238. The ordinary method resorted to in England for rendering ponds 
water-tight, after they have been formed in soil that will not hold wa- 
ter, is to line them to a thickness of from six inches to a foot, with clay 
beaten up with water and wheat or rye straw (bhoosa) by a hoe, ond then 
to apply it as a plaster, as soon as it has hecorao sufficiently dry to prevent 
its slipping or sliding down. It remains exposed to tho air a few days, 
in order that tho outer surfocc may become dry enough to maintain its 
form, and then tho water should bo let in upon it, so os to fill it, and if 
well executed, it will generally prove water-tight. It is, however, by no 
moans a good or cffoctnal process unless tlicro is the certainty of the pond 
always remaining equally full, and of the water not being disturbed by 
cattle going into it to drink, or other causes. A perfect adhesion sel- 
dom tabes place between the natural soil and this lining ; consequently, 
if it is disturbed, it will gradually giro way and subside to tbo bottom of 
the reservoir, thus leading tho old surfaco of the gronml in contact with 
tho water. If tlio height of water is subject to change, a consulcrablo 
portion of the fop of the lining becomes exposed to tho sun, ond in drying 
will crack and open ihrongh its whole thickness, tlius pcnnilfing tho 
water to escape when the pond becomes full again. This may be partly 
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prcTcntcd by covering tlio upper part of tho lining vrith eods or tarfs of 
grass, but as the grass will not grow and thrivo under tho water, it only 
ofTords protection to tho upper part. 

239, Tho only means, thereforo of using a puddlo lining cffectnally 
is to enclose it within tho bank in such a manner that it is supported by 
earth on both sides, is kept constantly moist, is never exposed to tho sun 
or external air, or indeed to disturbance of any kind, and then it will last, 
and be eflectivo for ever ; and such is tho process that should constantly 
be resorted to in puddling tho banks of canals. This is done by forming 
wbat is tcclinically called n jnidiUe-guUer in the bank, but the manner in 
wbicli this must be made most depend upon the natorc of the soil to bo 
dealt with. Thus, suppose in tho portion of canal represented in tho 



wood'Cut that tho soil bounded by tbo original surface lino U, should bo clay 
or any earth that is capable of retaining water, there will bo no necessity 
for pudding any part of tbo work, except the newly formed bank, Irqn, 
which is wholly above tbo surfaco and may require securing. In this 
case as tho natural soil is good, it will only be necessary to form n puddlo 
within tho bank, tbo transverso section of which is shown by tho lines 
uzqp, and for this purpose an excavation must be mado longitudinally in 
that bank liko a foundation or opening for building a wall ; and such an 
excavation is called a puddle-gutter. It must extend from the top of 
tho bank down to tho natural surface, and even penetrato at least a foot 
or 18 inches into it, and must bo wide enough for a man to work coH’ 
Tcnicntly in it, tho usual width being from 30 inches to 8 feet. 

All the previously contained soil having been thrown out, the process of 
paddling begins. This is performed in England by a man nsing a scoop- 
tool, like Fig. 2, page 241, and wearing a pair of very thick and strong 
boots mado for the purpose, called puddling-boots. They como above tho 
knee and should bo impervious to water, like the high boots usually worn 
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As the cheeks of the mortise «ikI the tenon nre exposed to the same 
amount of strain in a system of fiaming, it follows tiiat each should bo 
equal to one-third of the thickness of tho timbers in which they are made. 

The length of the tenon should be equal to the depth of tlic mortise, 
so that its end should press home on the bottom of the mortise when its 
shoulders bear upon the cheeks; but as perfection in execution is unat- 
tainable, the tenon in practice is always made a very little shorter than 
the depth of the xnoitise, that its shoulders may come close. 

'When the mortise and tenon joint la cut, adjusted, and put together 
the pieces are united by a key or tree nail, live key is generally round, 
with a square head, and in diameter is about equal to a fourth p.art of the 
thickness of the tenon. 

244. Anqle Joints. — Sti-ut oiul Tie-joini — Tbo first case of tho 
first mode of jointing above referred to is exemplified in Plate XXV., 
Fig. 1. — Xo. I shows the joint formed by the meeting of a principal rafter 
and iic'bcam, c being the tenon. The clieeks of the morlise are cut down 
to the line d /, so that an abutment e d is formed of the whole width of 
tho cheeks, in addition to that of the tenon ; and the notch so formed Is 
called a joggle. No. 2 shows the parts detached and in perspective. It 
will be seen that a much larger bearing surface is thus obtained. 

Fig, 2. — No. 1 is an elevation of a joint, differing from the last by 
having tho anterior pact of the rafter truncated, and the shoulder of tho 
tenon returned in front. It is represented in perspective in No. 2. 

3.— -Nos. 1 and 2 show the geometrical elevation and perspective 
representation of an oblique joint, in which a double abntraent or joggle 
is obtained. In all these joints, the abutment, av d e, Fig, 1, should 
bo perpendicular to the line d /; and in execution, the joint should ba 
a little free at /, in order ttiat it may not be thrown out at d by the 
settling of tho framing. The double abutment is a questionable ad- 
vantage ; it increases the difficulty of execution, and, of course, tho evils 
resulting from bad fitting. It is properly allowable only where the angle 
of meeting of the timbers is very acute, and tlio hearing surfaces are 
consequently very long. 

Fig. 4. Nos. 1 and 2 show a moans of obtaining resistance to sliding ' 

by inserting the piece c in notches formed in the raftep and the tie-beam t 
d e shows the mode of securing the joint by a boU. 

Fig. 5. — Nos. 1 and 2 show a very good form of joint, in which tho 
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it off to the cmisofthc cxcaTation. CawsliOMhU'CtaVcnwottopwt these 
sKio drains too clO'cly under the slope, otherwise they nmy enu«e the sloj'O 
to slip, and they tlicraseUcs way Ik* crushed or choked hy it. When econo- 
my of space is an object, and the wuUhof the entting cannot couTcnicntly 
admit of these open side drains, they are dispenseil with hy einplojing in- 
stead, a central nndergronnd drain about feet hclow the surface, with 
which branches communicate at intcrmls, conveying into it the surface 
1. Fij.ii. drainage. The most frequent form 

I , _ xSEN. rril of thesoccntmldrainsiscjlindrieal, 

r ' I ^[1 and such are Called tor/vl dmins. 

Tliey are also sometimes, when 
only required to bo of small 
size, made of semi-cjlindrieal tiles; sometimes of stones laid ns in J'iij, 1. 
Fi;;. 2, represents the section of a barrel drain; I'iff, 8, a section through 
one of the heads of the drain covered with an iron grating. 

Fij. 4 represents the section of a cutting having an open side drain for 
the cxeavatlen itself, and 
ft central bftrrol drain for 
tho reception of tho snr- 
J j face water from tho 

• j ground nboTo and behind 

I iho’ revetment. FiV/. C 

i| is tho section of a rnil- 

0 ^7 way cutting without side 

"■ — ' drains, the snrfnco water 

being directed into tho central drain by tho tnrtrl i. If the water aliicli 
Fiy. 5. f,-. (J. 


has access to the back of ft retaining wall cannot all he carried off hy drains 
on the surface, it may be necessary toopcncommunicationbctwecn the earth- 
work, and the open cutting, by pierring the revetment; asshonii in J’ij. (!, 
Yon. 1.— Tttinti EDITION. 2 I. 
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tvhich is fhe section of retaining wall on the lino of the London and Bir- 
mingham railway. The drains in this instancs ere iron pipes, 

In order to keep hill roads free from water, and also to preserre their 
outer edges, it is recommended to gire the surface a slight inclination 
towards the inner or hill side; along -which will run the drain receiving 
both the surface water of the road, and that of the hill above. The water 
thus received is passed into covered masonry drains crossing underneath 
the road to the outer side, and is so carried ofiT. These cross drains are 
constructed at intervals in convenient positions; larger ones being always 
built in the re-entering angles, which marie the courses of natural streams, 
themselves reg^uiring an exit to the valley below. 
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227. The Lest materials for embankments arc those whoso frictional 
stability is the greatest and most permanent, sneh as shirers of rock, 
shingle, grarcl, and clean sand. Wet clay, vegetable monld and mnd, 
ore evidently nnfit for embankments. 

Embankments may bo made in three ways— 1st, In one layer; 2nd, In 
two nr more thick layers; 3fd, In a snccession of thin layers. The first 
is the cheapest and qaickest method, and is the one followed in most 
cases where tbero is no special reason to the contrary. The earth is 
raised at once to its full height, throwing it down from the commence* 
ment of the embankment ; and, as the work proceeds, from the extremity 
of the completed portion. The objection to this method is, that, not 
having been rammed, the earth is subject to & greater amount of settle- 
ment, and after completion of the work, takes longer time to settle per- 
manently than if formed in courses and rammed. A road or other work 
constructed on the surface of banks so formed, immediately after com- 
pletion, will be liable accordingly to snbsequent derangement and injury. 
There is not the same objection to the use of this method, when the 
earthworks are to be allowed to stand for a length of time before being 
used for their ultimate purpose. To accelerate the construction of an 
embankment, the top breadth is sometimes made greater than it is to be 
1 . 
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eventually, so that room is afforded for bringing forward a greater num- 
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bcr of eartli wagons. Tlie tank is afterwards reduced to its proper 
form and dimensions, ^7 ratting awaf the superfluous earth at the 
Bides. Should a railway be employed, ia each an instance as that repre- 
sented in the figure, ib is to be obserred that there is no occasion to lay 
down four lines' of rail in order to give four wagons abreast at the head of 
the embankment. Two lines only, are usually laid down, haring each two 
termini, and what is called .a double crossing, as represented in the figure, 
by means of which, four full wagons brought in train along one line, can, 
at the end, bo all brought to the front, and return empty along the other 
Fig. 2. jt 



line of tail— 'Rs will be readily comprehended by reference to the figure. 
Where the embankment is not to be very broad, no tipping over the sides 
should bo allowed; for the earth so tipped is liable afterwards to slip off. 

228. The second method in use for formmg embankment, (without 
the objections to which the above mode is liable,) is to make the bank 
of half the proposed height at first; the greater breadth of surface at 
the lower stage affording an enlarged space, admitting of the employ- 
ment, in a Bimilar manner to that described above, of a greater number 
of earth wagons than could be brought to the front at one time on 
the top of the embankment when of the full height.) The layer is then 
Fig. 3. 



left for some time to scltlb before commencing nnoOicr. 'Dus f^yatem 
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involves much additional time and labor, and is seldom employed. It is, 
liowcTcr, u«oful in making embankments of hard clay or shale, rvLicli con- 
sist at first of angular lumps which do not form a compact mass until 
partially softened and broken down by the action of the air. 

229. The third mode is to be preferred as ensuring the greatest 
density and stability, though more slow and expensivo than cither of the 
above, namely laying down the earth in successive layers, from G to 12 
inches in tfucknee?, each being well rammed before the next is laid down. 
It is recommended to make these layers concave, this construction having 
been fonnd to contribute greatly to the prevention of slips in new cm.- 
bankments. 


Fig. 4. 



This being a tedious and laborious process is used only in special 
cases, such as the filling in behind retaining walls, and in making sides 
of canals, or embankments for tanks, for which purposes it should always 
be adopted. 

230. "Nyben the height of an embankment is greater than 15 feet, it 
has been recommended to make it in two portions, one on each side of the 
ground to he covered ; leaving a valley in the middle ; this being after- 
wards filled in, will be prevented, by the first raised embankments, from 
spreading unnecessarily, thus causing on earlier solidification of the mass, 
and a smaller expenditure of material carried and of ground ocenpied. 

Somewhat on this principle was the great embankment for the Solani 
Aqueduct at Roorkee formed. Trenches were first dug to the right and 
left of the lino 188 feet by feet deep, {Fig. 1, Plate XXIV.,) and the 
earth from them was thrown on tho centre so ns to form n nucleus for the 
raised embankment which was to constitute the bed of the canal. The 
earth was so thrown as not to inlcrferowith the building of the two side re- 
vetments. On tho central embankment thus raised, a railway was laid 
on which trucks plied, and as it progressed, l.atcral flanks aa, {Fig. 2,) 
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vcrG raised to a level with the railroad for carrj’Iug; the earth to the cm- 
banlnnents in rear of tho rcrctmenls, or as far back ns the line, ij 
(Ft^. 3). These side roads, aa, occurred nt iaterrals of 200 feet, and 
hollows were thus left between them which acted ns reservoirs for receiv- 
ing rain water. By this means moisture was distributed by absorption 
and the whole banks settled and became consolidated. In this manner 
the work went on for five years, when tho holes were filled in and llio 
whole embankment was completetl op to tho level of tho railroad. Tho 
two side banks were then raised to their /nil height, the earth being 
qarried in trucks as stated in tho last Chapter, and the work was com- 
pleted. Tho outside slopes were to 1, and tho upper surface of tho 
embankments outside tho rerctmonts was DO foot bro.ad, 

231. In adjusting with precision tho dimensions of earthworks, with n 
view to the exact equalization of o-tcarntions and embankments, it must 
bo borne in ramd that earth formed into an embankment, being compressed 
by ramming in tho course of construction, occupies less space than hetora 
c-xcarntion. Tho following Table shows tho result of tho eomparaliro 
measurements of some works of this kind In different descriptions of soil . 
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yttarset foil. 

escfwtton. 
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Clayer loti, ... ... ... 

Another da, ... ... ... 

Light f.indy fotl, ... ... 

coMo rvdf. 
6.970 
?J.976 
10,701 

cable jardt. 
6,2C2 

r.i.an 

s*.3}7 

coble j-ftcd*. 
708 
2,401 
1,3S4 


On tho whole, ... ... 

43.616 

39,160 

4,4PC 
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the total eompro<«ion amounting to above one-tenth of the earth excava- 
ted. Grarellyearth was found to be compressed about l-lSth. Bock, 
on the other hand, can never in emhankment he made to assume eo small 
a hulk as before excarntion. 

All tnade earth is liable to etttle, that is, the eurfaco to sink, and tlio 
whole volume to contract, after completion of the work. The amount of 
settlement depends on tho iintnro of the roil tho height of tlic work, and 
llic method in which it was formed. It will ho less if the cartlj lias hern 
well rammed; and, in works of tliflennldunenslon*, all other circimi«l.in- 
CCS being alike, it has l-ecii found to vary nearly as the cote of the height. 
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l>jr Rtlopting fl very fhallow bIoj>c when working* in eoil tlint ftppe.irs lo 
llircfltcn their occurrence, and carcfuUy providing drains or gutters on the 
top of the work, vrilli sufficient fall to carry the water away rapidly, or 
before it has tnao to settle into the new work. A c.atch-watcr drain will 
also be necessary along the foot of an embankment if there is any danger 
of water draining off to the adjoining lands and sapping the foundation of 
the work. 

When the natural ground has a steep sidelong slope, it is in general 
necessary to cut its surface into steps beftre making the embankment, in 
order that the latter may not ahp down the slope. The best position for 
thc.so steps is to make their surfaces at right angles to tho direction of tho 
pressure of the earth upon them. Tliey should, at any rate, inclino to tho 
horizon, if anything, in lui opposite direction to the slope of tho nntnml 
ground. 

236. When the earth is &■< s«ft that nii embankment made in tho 
ordinary way would emk m it, different cxpciiunts are cmjdoyed accord- 
ing to the degree of difficulty to be overcome. It may bo sufficient to dig 
side drains parallel to tho sito of the intended work, and so, by carrydng 
off ftU tho water, consolidate tho ground lying between them. Sometimes 
it may bo advisablo to dig out tho soft ground, and make a regular foun- 
dation of stable material on which the embankment will stand. Or, if tho 
soft ground ha«, at no very great distance beneath the Rurface, a firm 
substratum, a foundation of stones orgwvcl may be laid going right down 
to this lifl*.M. S<iniclimcs the earth is compressed ond consolidated by 
driving (.hurt piles into it 

In the cclcbratinl example of t'batmo***, which was from 10 to 31 feet 
deep, containing nearly double its bulk of water, George Stephenvon 
formct! a secure foundation for heavy ratlwoy traffic at n cod l>clow the 
average of the other parts of the line in tho following manner:— Drains 
were cut about every 5 yards apart, and when the mow between them was 
ijuite dry it was u*ed for tho embankment. On this were laid hurdles 
eitlierin sineJeor double layers; andoTcrthem tlieballftHt. Dy thorough 
draining in this way, cutting* as deep as 9 feet, and embanknients ni high 
as 12 feet, were f<,nr.cd in & quagmire in which an iron rod would mik 
s»ilh it» own wel:::lil. 

C3G. Niilniih'lar.r.ng an e ml .snLment may in many r.vrs le furmed 
will-cut exp^'se, still it g'T.erftlly bajj-eijs that K.jJie adJiti'jral IslK-ror 
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fls'c of the morti«e 5? »npplici! !>j a proore c m tlic rafter, and the place 
of tlic tenen I’j a tongne (or hn'iUt) tt in the tlc-lMram. As tlic parts can 
l‘C all seen, llipy can be more accnratclj fitlct!, wMcli is an aJrantago in 
beary work. In Xo. 1 Ujc mode of reenring tlic joint by a strap I b' and 
and bolts is iliown. 

In making cacli of tlic«e joints, care most be taken that tlic length of 
the fibres left between tbe abutment at b and the end a of the tie-beam, is 
rurficient to rol*! rafcly the tendency of the longttndinal component of 
the tliroil against the abutment or notch to shear tlicmon*: that is to say, 
let II =: horizontal component of thrust of rafter. 
b — breadth (in inches) of tic-Wain. 

I = distance (in inches) from notch to end of tie-beam. 
y = resistance of wood to shearing. 

I a factor of safety. 

Tlicn 

n = /i4,<,r/= 

According to Tregol J, 4 is a fuflicicot raloc for < in this case : and if no 
take for the ralae of / in the case of oak 2,300 lbs , or for fir, COO lbs, ; 
the ralae of / would be, for oak for fir 

If tlie rafter and tie be bound together with a loll or strap, ia a dircc* 
tion maktog as ocatc an angle as practicable witli tho tie, the joint is 
made much more seenre. 

245. A'l'ny-post join/j.— /'ty. 6 shows the several joints which ocenr 
in framing the king-post into the tie-beam, and the struts into tlio king- 
post. A is the tie-beam; B the king-post; and C and D, struts. Tho 
joint at the bottom of the king-post has merely a short tenon e let into a 
mortise in the tie-beam. Tho abutment of tho strut D is made 6<xuaro 
to the back of the strut, as far as the width of the king-post admits, and a 
short tenon f is inserted into a mortiso in the king-post. Tlio abutment 
of the joint of C is formed as nearly square to the strut as possible. 

The term king-poit, gives qnite an erroneous notion of its functions, 
which are those of a suspension tie. lienee tho necessity for the long 
strap b a bolted at d d, and secured by wedges at c. The old name king- 
piece is better than king-post. 

Fig, 7.— In this figure, the superior construction is shown, in which 
a king-bolt of iron CD is substituted for tho Idng-post. On the tie-beam 
VOL. I.— -Tinnn euitiok. 2 n 
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A, is lolletl bj the bojts a e, d/t Ibe CBstAron phto ani soclcels <t icd, 
the inner parts of Tybich kgy form solid abutments to the ends of the 
struts BB. The icing-bolt passes through a hole in the miildJo of the 
cast-iron socket-plate, and is secured below by the nut B. A bottom- 
plate e/prevents the mushing of Iho fibres bjr the bolls. 

Plate XXVI. — Fi^s. 1 to 5 show rarious methods of framing the head 
of the rafters and Icing-posts by the aid of straps and bolts. 

Fiff. G shoirs at I) what may bo considered the upper part of the samo 
king-bolt as is shown in Plate XXV., Piff. 7, with the mode of connecting 
the rafters. A cast-iron socket-piece C reccirca the tenons a a ol tho 
rafters AA, and has a hole through it for the boll, tho head of which i, 
is countersunk. B is the rtdgc-pieco set in a shaHow groore in the iron 
eoctet-piecc. An eleration of the side is giten, in which G is the bolt, 
P the soctet-piGce, and E the riifge-piece. 

jTi^s. 7, 8, 9 and 10, illustrate the mode of framing together the princi- 
pal rafter, queen-posl, and straining-piece. In tho first three cxamphut 
tho joints are secured by straps and boles; and in the last c.tan)|de, (ho 
qjjcea-boJt I) passes through a cast-iron socket-piece C, which receives 
tho ends of the strainiiig-picco and rafter, as those of the two rafters are 
rcceircd in Pij, C. 

/rye. 11 and 12 show modes of securing tho junction of tho callar-bcnui 
and rafter by straps ; and Fiys. 13 and 14, modes of securing tho junction 


of the strut and the rafter by straps. 

In all these cases where the strut and rafter abuts against a notch or 
shoulder abutment in the king-pieco, the distance of the notch or shoulder 
from Iho end of iho piece is to bo dctcnninwl by the same fornuila as in 
tho case of n rafter abutting on ibo end of a tie-hcam. 

246. A better mode, howerer, than any shown in Platts XXV. and 
XX VJ., where theframingadmits of tho 
arrangement is to make suspending pieces 
in pairs, so Uial tho rafters from which 
I } 1 they hang may abut between them direct- 

' ly Against each other. C and T are the 

'v ends of a pair of rafter* abutting against 
each otlicr. A and B, tho upper ends of 
a pair of M*pcndjng pieces, notche<f upon 
tho nift»‘rs, and bolted to each other throngh tho blocks, or filling pieces, 
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D and E. If these figures bo turned opsido down, they will represent 
the lower ends of a pair of snspending pieces, forming a wooden stirnip 
for the support of a beam, or of tho ends of a pair of struts, as the ease 
'fuaj be. 

247. Kotch joint, — Tho third case of the first mode specified in para. 

242, is applicable to icall plates, and timbers 
in similar positioos. If one timber altogether 
crosses, of slightly OTcrlaps the other, the joint 
may be of the form shown at A, when the 
beams arc said to bo halved : but in n case when 
the ends hare to be cut fair, (as in external 
wall-plates,) the arrangement shown ot 0, 
should be adopted. 

This principal of notching with sijuare abutting joints should inrariably 
bo abopted in preference to Jore-taiY joints (as at B), 
which owing to internal shrinhing of the wood can- 
not be depended on in Carpentry (tbongli admissablo 
in some kinds of Joinery). 

246. LcNCTncKiNO Timbebs —The second and 
third tnodea of joining, specified in para. 242, which arc applicable to 
beams, posts, d.c., joined in tbe direction of ibeir length, arc termed 
tcarjing and fishing, and arc performed in a Tariely of ways dependent 
upon whether the lengthened timber is to be subjected to compression, 
tension, or cross strain. 

Scarfing. — ^^Vhere two pieces of timber arc joined so as to preserve tbe 
same breadth and depth throughout, and thus to appear like one piece (os 
in most neatly finished work) scarfing is adopted. In each part of the 
timber to be joined, the parts of the joints which come in contact (as at 
AB, Fig. 1) are called Scar/s ; and if the scarf be formed with on indented 
surface, its projections ore termed tables (oa at ae, c'b, Fig. 3). In 
forming a scarf it should be borne in mind that— •(!) the bearing parts 
should have as large a bearing surface as possible ; (2), this surface should 
have the best form for resisting the strains to which it will be subjected; 
(S), the effect of the inevitable shrinkage and expansion should be consi- 
dered; (4), the timber shonld be cat as little as possible; and (5), all un- 
necessary complications and dtfljcaltieg in workmanship should be avoided. 

Tbecasoof learns subject to fmaifeatrain will bo first considered, Jl is 





JOINTS, SUARF6; TitUSSl£U 


uuiiaT 


obrlous tbat if a simple obliqae scarf bo made at the end of each beam, 
and the two scarfs AB, BA, be brought into oTcr-lapping contact, the joint 
Fi(/. 1. AB is useless as re- 

_ ^ A jM. B 4 ^ gards connection of the 

. ^ _> scarfed pieces, until se- 

\ % cured bj bolts. Iron 

1 .A plates or are in- 
terposed between the 

nuts and timber, to prerent the Hbres of the latter being crushed by the 
screwing up of the nuts. Here the distance from A to B is called the 
length of the scarf: and the strength depends entirely upon the bolts 
and straps. 

If, bowerer a ley or pair of wedges of hard wood be added in the mid- 
dle of the joint, notched equally mlo both beams, the Icey and indents* in 
Ftj. 2. the BCJirf will furnish 

some resistance to the 
opening of the joint 
under tensile strain f 
but not snfBcient to 
obTiate the necessity 

for bolts. 

This form of joint is very much improred by each scarf being tdhh^ 
and indented, the Rey being interposed (as in the second case), between 
Fiy, 3. the toJieacof thclower, 

^ A • ^ e table b c' of the 

a continuous strap of 
placed both aboYO 

* and below the joint to 

prevent injury from the bolls, and the ends of the strap may bo slightly bent 
and let into the wood. The I;cy or double wedge K should only bo drl- 
Tcn so as to bring the parts to their proper hearing : as it would be better 
to omit it than to driro it so ns to produce much constant strain on the 
joint. When bolts arc to be added, before their insertion the joints 
should bo brought to a bearing by means of the hey. 

The oblique scarf, as shown aboTC, has little to recommend it beyond 
the facility of construction and capability of being easily fitted. Bolts (if 
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inlro^occd) do not press Uic surface in a pcrpcndIcnUr direction, and the 
ol)Ii(}Qe pressure must Iiarc some tendenej to separate tlic joint. 

The form of scarf shown in JV/. 4 iorolrcs no difficnllles in car- 
fij. 4. pentry, and has 

the adrantage 
of E<}aare abut« 
ments Aa, Hh, 

dc, dd\ and no ohliqoc sarfaces. This scarf wonlJ answer without 
bolts : bnt its strength wonld be mneh increased bj the addition of straps 
and bolts (as in ^o. 3), and in this ease the key is necessary. 

Scarfs are often made with nomerons tables, indents and keys : bnt 
Fij. 5. the moltiplica- 

tlon of their 
details increas- 
^ cs the difficnl- 
ties of work- 
man-ship and the chinces of ioacennte fitting. Xo. 5, is howercr a form of 
scarf giren by Tre^lgold, and specified as Tcry simple and easy to eaecnla } 
it is a modification of No. 4. 

In the case of beams and joints enbjected to compru»ion, it is erideni 
that oblique scarfs and abutments are altogether inapplicable. Eueb 
joints liowerer as are adapted for beams'sobjected to tensile strains, and 
hare side abutments truly perpendicular to the direction of the force, arc 
equally suited for compressed posts and beams. To prerent side shifting 
it is adrantageous to add at the end of each scarf a tonyue or mortise and 
Fiy C. 



tenon, as shown in FSj. C, which gircs aa angular Tiew of aa admirable 
scarf adopted^for beams subjected to tensile, compressing, or cross strains, 
Ilcre the iron-strap at o i c (f coTcring the joint on tbc lower surface, is 
supposed to be remoTcd to show the longue at e. 

It is, however, in the case of beams to resist axt$ ttmvi that lengthen- 
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obvious tbttt if n simple oblique scarf bo made at the end of each beam, 
ami tbo two scarfs AB, BA, bo brought Into over-lapping contact, the joint 

AB is useless ns re- 
gards connection of the 
scarfed pieces, until se- 
cured by bolts. Iron 
plates or straps are in- 
terposed between the 
nuts and timber, to prevent tlio fibres of the latter being crushed by the 
screwing up of tho nnts. Here the distance from A to B is called the 
length of tbo scarf; and tbo strength depends entirely upon Ibe bolts- 
and straps. 

If, however a Itt/ or pair of wedges of hard wood be added in the mfd- 
dio of tho joint, notched equally iuto both beams, the Icey and indents in 



Fii;. 



the scarf will furnish 
some resistance to the 
opening of the joint 
under tensile strain i 
bnt not sufficient to 
obviate tbe necessity 

for bolts. 

This form of joint is very mneb improved by each scarf being tahh^ 
and indented, tbo Iccy being interposed (as in tbc second case), between 

tbe talle a c of the lower, 
and the table 6 c' of the 
jr upper scarf. In this esse 

S r, a continuous strap of 

iron is placed both abowe 
and below tbe joint to 
prevent injury from tbe bolts, and tbc ends of tbe strap may be slightly bent 
and let into the wood. The key or double wedge K should only be dri- 
ven 60 as to bring tbe parts to their proper bearing: as it would be belter 
to omit it than to drive it so as to produce much constant strain on the 
joint. M'licn iKilts are to be added, before their insertion the joints 
should bo brought to a bearing by means of the key. 

The clU'qxie scarf, as shown above, has little to recommend it beyond 
tho facilily of cooslniclion and capability of being easily fitted, Bolts (if 
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iatrodnced) do not press tbo Bnrfaco in a perpendicular direction, and tbo 
oblique pressure must bare some tendency to separate tbe joint. 

The form of scarf slioivn in Fig. 4 inrolrcs no difSculties in car- 
Fig, 4. pentry, and has 

the adrantago 
of square abut- 
ments An, B6, 

e'e, dd\ and no oblique surfaces. This scarf would answer williout 
bolts : but its strength would be much increased by tbe addition of straps 
and bolts (ns in No. 3), and in this case the key is necessary. 

Scarfs arc often made with numerous tables, indents and keys: but 
Fig. 5. tbe multiplica- 

tion of their 
details increas- 
es the diOleul- 
tics of work- 

man*8bip and tbe chances of inaccurate fitting. No. 5, is howerer a fomr of 
scarf given by Trcdgold, and specified as very simple and easy to execute} 
it is a modification of No. 4. 

In the case of beams and joints subjected to compression, it is evident 
that oblique scarfs and abutments arc altogether inapplicable. Such 
joints however os arc adapted for beams'subjccted to tensile strains, and 
have side abutments truly perpendicular to tbe direction of the force, am 
equally suited for compressed posts and beams. To prevent side sbifling 
it is adranlagcons to add at the end of each scarf a tongue or mortise and 
Fig. C. 





tenon, as shown in Fig. C, which gives an angular view of an admirable 
scarf adoptedTor beams subjected to tensile, coroprrssing, or cross strains, 
Ilcre tbe iron»strap at o ( c d covering the joint on tbe lower surface, is 
supposed to be removed to show tbe tongue at e. 

It is, bouc%cr, in tbe case of beams to resist cress stmin that lengthen- 
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abutting the tiro eods^'^(a, a, /ij. 11) together, placing a piece of timber 


rig. 21 . 



(J V) on each side, and fimilj bolting these together. It is obrions that 
in a tie the strength of this Joint depends on the bolts, and tbe lateral 
adhesion and friction produced by screwing the parts tightly together: 
the timber is weakened only so far as its effectire sectional area is dimini- 
shed by the boltholes. 

The dependence on the bolts may be lessened by indenting the parts 

Fiff. 1% 



together as shown by the upper side of Fi';;. 12 } or by putting keys in 
the joints as shown by the lower side of the same figure } but the strength 
of the be.am will bo decreased in proportion lo the depth of the indents. 

The only reasons for not wliolly depending on the bolts are, that should 
the parts shrink erer no little, the bolls lose a great part of their effect, 
and the smallness of the bolts renders them liable to press info the timber 
and then to saffer the Joints lo yield. 

The sum of the area of the bolt? should norer be less than one-fifih 
the area of the section of the beam, and they should not be placed too 
near the ends of the pieces. 

In the case of a strut or post under compression, the two pieces should 
abut against each other at a piano surface, perpendicular to the direction 
of tbe thrust; and to keep them steady they may either be fished on all 
four sides, or hare their abutting ends enclosed in an iron socket made to 
fit them. Joints in struts should if possible be stayed laterally. 

260. Trussed Girders.-— ^Vhen the bearing exceeds about 22 feet, 
it is very difficult to obtain timber large enough for girders; in such 
cases it is usual to truss them. 
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considered by many practical men to be nearly useless. The beam is 
considered to be crippled before the iron begins to be strained, and there- 
fore this mode of trussing is not now in much favor. 

Fig. 4. — Nos. 1 and 2 illnstrate the application of the tension-rod on 
what may bo considered the qneen-post principle, there being two stir- 
rups at o a. 

Fig. 5. — Nos. 1 and 2 show a combination of timber and wrought- 
iron. The beam is composed of three flitches, the two onter being of 
timber, and the central of boiler-plate. The flitches are bolted together. 
In the elevation it is the iron flitch that is shown. 

251. Built beams.— Another way of obtaining timbers, for barge 
spans, is by building beams so as to increase their depth. In Fig. 1 , Plait 
XXVIII , two pieces of timber are built into one beam of double the 
depth of either, by the aid of hard-wood kegs or Joggles, (which resist the 
shearing stress at the surface of junction,) and of rerticol bolts in the 
spaces between the keys. It is obvious that no key nor bolt should be 
put at the middle of the span j because in general there is no shearing 
stress there; and also because the bending moment is in general a ma-vl- 
mum there, and it is desirable to weaken the cross-section ns little as 
possible. The grain of the keys should run vertically. According to 
Tredgold, the .aggregate depth of all the keys should amount to once and 
a-ihird, the total depth of the beam, and the breadth of each key should 
be twice its depth. Rankine suggests that the keys should, as in Fig. 2, 
make an angle of Ab” with the surface of the beam, a plan as yet untried. 

In Fig. 3, the two pieces of which the beam is built are indented into 
each other, a sacrifice of depth being thus incurred equal to the depth of 
an indent. The abutting surfaces of the indents face outwards in the up- 
per piece, and inwards in the lower, so ns to resist the tendency to slide. 
According to experiments by Dnhainel, the aggregate depth of the in- 
dents should amount to Uco-thirds of total depth of the beam. The beam 
in the figure is slightly tapered from the middle towards the ends, in 
order that the hoops which are used to bind it may bo put on at the ends 
and driven tight with a mallet. 

■\Vhcn a beam is built of several pieces in length as well as in depth, 
they should break joint with each other. The lower layer should be scarf- 
ed or fished like a lie, and the upper should have plain butt joints. 

The upper layer of a built beam issomctimesmadeofhanl-wood, and the 
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259. A great disadvantage of tlie flat Toof is that water runs off slowly, 
and if the upper coating or terrace has cracked fi om the great heat in the 
dry season, (which is frec^nently the ca^e,) leakage occurs during the rains. 
To glye the roof a slight inclination and thus assist the flow of water, the 
beams .should be so cut as to have a rise in the middle. This, wbich is 
called a camter, should be effected not by bending the beam upwards, but 
by shaping it; for if the fonneris done, the beam on setllmg has a ten- 
dency to thrust out the walls. This slope also should never be given by 
increasing the thickness of terrace, as by this the girder is weighted at 
the very point where it is least able to bear it. A good method, however, 
is to cut the beam even and screw on wedge-shaped pieces of wood in 
the middle or top of the beam to give tbe necessary fall towards the 
two ends. 

260. Pent or Trussed Roof. — ^This roof with a covering of thatch, 
tiles, slates, or iron, is adapted to all spans, and is the most economical 
and. suitable form where timber is u«ed. 

By various arrangements of the timbers in the construction of the flam- 
ing, and by artifices in bending and building beams, such ns desciibed in 
the preceding Chapter, great breadths of building can be covered. In one 
instance, (that of the Riding School at St. Petersburg,) a span of 235 
feet was successfully roofed with timber; but for such large spans iron is 
now, when procurable, always substituted for wood. Tlie two kinds of 
pent-Toof in common use are the gabled and hipped. In the former, the 
roof is formed by the intersection of two planes which slope upwards from 
the wall plates on the sides of the building, meeting at an angle at the 
lidgc, the walls at the end being built up vertically to the ridge, and finisbed 
off to the same angle. In the latter, the roof is formed of planes which 
slope up from both the sides and the ends of the building to the ridge, the 
wall plates being on the same level all round. Both are common in India, 

261. The pitch vf a roof, or the angle which it makes witli the horizon, 
varies in different countries and climates, and even in the same country 
the pitch has varied considerably at different times according to the 
fancy of the builders. Formerly in England, roofs were made very high ; 
hut these, though having some advantage in countries where snow falls, 
expose a large surface to the wind, and therefore wonld, in a country like 
India where storms arc sometimes very violent, be out of place. In high 
pitched roofs, too, the coverings arc apt to slide, while on the other hand 



in Trry low pulic'l roof#, iho winiJ will gel tinder tlic liles and rcciOTO 
iTietn, and Uie tlrainon llic wall*, (aa willlwaecn farther on,) itrery great 
A fn'*-lera1e pilch i* therefore generally adof !e<!, and the lielghl of a roof 
cllher in Knpland or India for hnildinga in general, now rarely exceeds 
one*lhml of the »fan,or i* let* than one-* ixlli. For tiles or elates ahool 
one-fatirth the epan or 27*, and for Uiatch "5®, is the usaal pitch { thongh 
the Utter may I'C at great a* or half the epan. 

2C2. To exclade wet from the inner aorfaee of the nails and allow 
the rt>fif drainage to pa«s freely away, the inrficc of the roof corcriog 
fhonll l*e adrance<l well l>eyohd the enpporling wall*, as in tlio annexed 
wood-ct:lil!n*trating the section of an old (Jfcck roof. Here AnOrepretent 
the arrhilrare, frierc and comiec : Use latter 
projecting far Uyond the wall, and carrying 
the oritone gntter, which ly 

its position and form prerented any OTcrflow 
fmm netting the limhcrs. Here also tho 
junction of the rafter Id with the tie-beam Tof 
the roof ini*« ocenrs oter the centre of the 
supporting nail, and brings the thrast more 
Tlie long tiles t, t, are carried on pntUDS r, r, 
resting crcnly on the principal rafter. 

In many modern I'ngH*h hon*es the principal rafler Id alnls on tho 
tie-beam T and eonecntrsles tho roof thrust on a 
pwint icifU'rt the wall : and the roof drainage is col- 
lected in a lead goUcr G, which when oTcrflowing, 
leaks within tho building, and orcr the most impor- 
tant roof timbers : the free flow of the drainage be- 
ing stopped by a paraptet wall which rests on tho ends 
of tho (ruBscs. This latter arrangement shonld bo 
nroided. 

263. Kista-rosT Taoss . — PlaU XXIX., Fiy. 1, is a pent roof, adapt- 
ed for spans not exceeding SO feet. Tlio comhinnlion of beams in a roof is 
called a /russ— tho figarc represents o Kinj-post truss. Tho component 
parts of it arc as follows 

1. Wall p/atcj.— Pieces of timber laid on tho wall in order to dis- 
tribute Iho pressuro of tho roof OTcr a largo bearing surface. These may 
also bo of Elonc {vide P P of preceding wood-cuts.) 
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directly oter its snpporls. 
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2. Baflers^ — pieces of timber forming the inclined sides of the 
trass, sapporting the purlins. (B, B, of I, Plate XXIX.) 

3. Tie-heam.^—A. horizontal piece of timber connected to two opposite 
rafters, its main object bebg to tie down their ends and thns prevent the 
walls from being thmst outwards. It is also useful as a support for 
ceilmgs and punkahs. (A.) 

4. Purlins. — Horizontal pieces of timber notched on the rafters, and 
at right angles to them, extending from truss to truss. On these is laid 
the roof covering, (i, J.) 

5. Kin^-post.—An upright piece of timber in the middle of a truss, 
framed at the upper end into the rafters, and at the lower end into the 
tie-beam. This prevents the lie-beam from sinking or sags/ing in the 
middle. (K.) 

6. Struts. — Obliqoe straining pieces framed below into the king-posts, 
and above into the rafters, which they help to support. (E, E.) 

In English trusses, the rafters above described are more precisely term- 
ed prtRCi]pat rafters; common or secondary rafters are sometimes laid on 
them outsido the purlins, to carry the roof covering. 

264. QpEE.v-rosT Tncss.— Fry. 2 shows a roof tmss called a Qaten^ 
post Truss, tho two verticals on cither side being the j/uren-pests. This is 
adapted for spans of from SO to 45 feet. Tire timber between the upper 
cods of these two is the straining beam (C) ; that between tho lower ends, 
Iho straining sill (A). Tho other timbers aro tho same as in the former 
truss. 

The following would be tho scantlings in fir of the several limbers of 
such a truss (at 10 feet intervals, for a weight of C64 lbs. per square foot, 
according to Trcdgold: — 


A, Tie-bcani, ... 

... 


... 12 X C 

inches. 

D, rrincipil rafter. 

... 


... 10 X G 

„ 

c, Straining beam. 

... 


... 0 X c 

„ 

D, Qoeco-poat, 

... 


... 8 X C 

„ 

r, Strut, 

... 


... G X C 

„ 

r, Common rafter, 



... C X 21 

„ 

fl, rdc-jilate, 



... 0 X c 

„ 

rnrlin. 

... 

... 

... 12 X 9 

.. 


265. Fig. 3 is adapted for spans up to CO feel. It is often necessary 
to bnild trusses of greater span, but the genera! principle is that shown 
Iicrc. 
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The following wonld Im! tlie fcantling* for iJie ebore wctglil of roofing, 
hj TrcdgoMV micj, anJer Ibe wmc condilions m ftborc:— 


rrindj^tl nftm, 
Tif-brstn, ... 
Qafrn-jv»l r, 
Pn*pft)'linj; jvwt A, 
StniU (Urff), 


11 X C Incliu. 
I2IXC „ 

8 X C „ 

81 X 3 „ 

MX 31 r. 

31X21 „ 


2GG. Fij. 4. — A roof atlapteil to ft ball or cbnrcli with narc nnd 
oislcs. Tlie framing m eimpte ftnJ good 


A, I’nndpa] tie. 

n, Tie of aide roof. 

C, GirJer lonporteJ by tbe Iron colnmn D. 

T>, Sloij-po't. 

2G7. IlAMucn-nEAU Tncs5.—Fij. 5 abows a bigb roof snitallo for a 
Clmrch or Gothic Inildlng. 

In this roof AO, BC, are princlfftl rafters : DE Is a coUar Icam which 
tying tbe rafters together, not at tbclr feel, hut at considerably higher 
points, docs not counteract any tendency of tbeso rafters to bend between 
D, A, and E, D, and to thrust out the walls. Tlie curred tension pieces 
KF, KQ, arc conse<|aenUy introduced to tie the ends of the hammer- 
leams AF, BQ to the centre of tho collar beam ; curred stmts IIF, IG, 
being also introduced to aid in keeping the ends F and G in position. 
Without tho curred struts and tension pieces os shown in Fij, 6 and 


strongly built or buttressed walls, a lofty and hcary roof carried on col- 
lar and hammcr-bcam tmsscs, 
would bo likely to fail as in tho 
annexed wood-cut. 

268. In trussed roofs, es- 
pecially those of large spans, a 
combination of iron and wood 
may often bo snbstitnted for 
wood alono. Such trasses aro 
much lighter and look much 
better; the only dUEcnlty is in properly connecting thoso parts where tho 
iron and wood meet together, 

Plate XXX., Fiy C, shows a trass for a roof of 44 feet 8 inches span. 
In this, wrought-iron is used for the suspension rods, and cast-iron 
. shoes as abutments for the timbers acting as struts. 
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On the wall-hcad, is a cast-iron shoe, to receive the tie-beam and 
the foot of the principal rafter. The sole-plate of the shoe is prolonged, 
to admit of its being secnred by bolts to the tie-beam. 

The head of the principal rafter, is inserted into a cast-iron socket, an 
elevation of which is seen, enlarged at No, 1. The suspension rod AD, 
it will be seen passes through the solid part of the socket. It has ahead 
at its upper end, and at its lower end it is screwed, and secured by a nut. 
To avoid cutting the principal rafters, the purlin at B Is also carried in 
cast-iron rests bolted to the rafter. The centre suspending rod at E, 
passes through a socket, which serves as on abntment to the stmts. 
Similar abutments are provided for the strnts. 

Fifj, 7. — This truss is for a roof of 45 feet span. The detail No. 2 
is a section of the shoo at head of king-bolt, into which the upper ends 
of the principals are inserted. 

269. Fig. 8 represents a truss of 40 feet span, constrncted by Colonel 
TTaddington at Bombay, supporting, with other trusses placed at intervals 
of 10 feet, a roof which slopes SO*’ from the horizon, and has on extreme 
span, from cavo to care, of 50 feet. The tic>beam is supported at equal 
intervals of 8 feet, and the purlins and wall-plate arc also separated by 
equal distances of 0*85 feet. The struts, rods, and qoeen posts aro so 
disposed as in a great measnro to neutralize pressure on the principal 
rafters, except in direction of their length ; and the common rafters aro snp- 
posed to extend in one length from ridge to cave, and to bo 15 inches 
apart. The battens are cacli 2 X § inches, and their edges 2 inches apart, 
covered by a double bambo 9 mat; tlio eaves singic-tied, the lower row 
being laid in chunam, the rest of the roof double-tied, and the ridge of 
cbnnam. 

270. Fij. 9. — Tlie roof covering of the Central IIoll of the Allahabad 
Passenger Station is 78 feet long by 88J clear by 27 feet high. The 
tmsscs aro of sil, and aro 11 feet apart from centre to centre, each tniss 
carrying a permanent load of 18 tons 3 cwt., not including its own weight. 
The straining piece or girder is composed of two solid pieces of timber 
scarfed in the centre. Tlio curved portion is made of pieces 12 by 5 
inches, bolted together, making tho cross section 12 by 10 inches. Tlio 
pieces break joint with one another, the centre of one piece acting as a tie 
to the abutting ends of the oilier pieces to which it is bolted. Tlic cover- 
ing of tlio roof consists of sandstone flags, 4 J inches thick, placed on 
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purlins 2 tfct apart ; abore the flags, the Ihea, (brotea bricks and mortar,) 
6 mches thick, U placed in the usual waj. 

27L The roof, although the last part of a building which is construc- 
ted, is one of the first to be considered m preparing a design ; for on its 
Weight the thickness and nature of the walls depend. In the case of flat 
roofs, both the con>tnictiou and calculation are Tcry simple ; indeed little 
or no carpentry is necessary for the first, and as all the timbers are subjected 
to a direct traasrerse strain, their strength and proportions are easily 
determined. But in a trussed roof the nature and eflect of the strains to 
the timbers are- Tarious ; and in their connection, the best form of joint 
and fastening has to be considered, so that they may prescire the form of 
truss desired with as little change as possible. 

272. Sca^'Tu^•Q8.— The inrestigations of the stresses on the various 
pieces forming a roof, and the formnlaj exptessite of the scantlings proper 
to varying loads are discussed In the section on Strength of Materials. 

273. Explaitatiok or Tabi,e 0 . — The accompanying Tables of Scant- 
■lings of sdl timbers (the wood in principal use in Northern India) for 
Wooden Hoofs hare been reprinted (with slight alteration of notation to 
suit the new Section V. on Strength of Materials”) from the last edi- 
tion of this Treatise. 

They may although calculated as for sal timber be made availablo 
(sufficiently accurately for practical purposes) also for other timbers by 
taking the scantlings calculated for larger spaus in siil wood, thus 

(1) . For Teak, take the scantlings corresponding to a span 1 foot wider. 

(2) . For Deodar, „ „ 2 ,, 

Tt’.B. — ^There are riro important differenett between the method of calcnlation 
originally adopted (and now reprinted) for these Tables, and that rceommcnilcd in 
this Edition, tee Art 2, (2), and Art C, (2— iv,), of Section V., ** Strength of 
Materials.” 

(1) , The rafters were dwigned tobearoaryt^yrearerof the two straining actions, 
(i. e , Direct and Transtersc,) to which they were exposed, *te Art 2, (2) (of Section 

V.) 

(2) . The effect of wind was estimated according to Trcdgold’s relo as a “ waj- 
Jbrm rerlieal toad of 10 lbs. per tquarefoot over the nhote roof ; ” this method was 
formerly the accepted rale of the profesuoo, andhassUU high aetbority in its faror, 
Ke Art 6, Tart (2— it.), (of Section V.) 

There is also a minor difference between these Tables, and the method adopted 
in the text, tee Art. 1C and 21 (of Section V.), tiz., that the weights vf re* 
in the Text of thU Edition were both included in the ir the Tablet, but altboogii 
theoretically correct to separate them a$ In lAtt Edition, it has not been thought 
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worth while to recalcnlatc tha Tables on this account, as the alteration in the scant- 
lings wonlil be Tcty trifling. 

Table, No. VI., has been calculated to admit of a comparison being 
made of the increase required in the scantlings in Table, No. TV., sup- 
posing the trusses to be placed at 10 feet apart, instead of at 7 feet, ns 
calculated for in the latter Table. Bjr comparing these two Tables it will 
be seen that, so far as the scantlings of the rafters are concerned, the 
results given in Table No. VI. are eqnivalent to an increase in Table 
Ko. IV,, of about two places for the smaller spans, and of from three to 
four places for the larger spans. 

The differences are much greater for the scantlings of the tie-beam, 
strut, and king-post; but as these are always made greater in practice 
than they are found by calculation, it will be snfScient, for all practical 
purposes, to take the scaotlmga of the rafters ns a guide in making the 
comparison for any particular ease. 

The only exception to this, appears to be in the case of an iron tie-rod 
being substituted for the tie-beam, in which the increase shown in Table, 
No. VT., is equivalent to about seven places in Table, No. IV, 

It will be understood from the above remarks, how Table No. IV., may 
be made available for determining the scannings of the several pieces of 
a truss, supposing the trasses to be at 10 feet apart. 



ifhe trasses to be at 7 feet apart, the parlins at 3 feet apart, and the battens 
'^Dn to roof covering, effects of rain, irind, &c. The truss is supposed to be of 

Safety* (() bas been tabes as 10. 


1 area ef Ung-post 

IIM 

Breadth cf rafurf ~ b s: 

\] z * 4 X a&bJ 

Depth of niter 

a. 

II 

'M 

1 

H 

By ealcola- 

PraeUeallr, 
Bight be mkle, 

By ealenla. 
tlOD. 

pTBctleaBj, 
Bight be made, 
aay. 

r 

inches. 

laches. 

inches. 

inches. 

inches. 

inches. 

i 

31x31 

3121 

31 

4-118 

41 

'899 

1 

3t „ 3t 

3 294 

3t 

4-659 

41 

•065 


31 3t 

3 455 

31 

4 630 

41 

1-013 


31 31 

3 550 

31 

5<^2 

51 

l-OSl 

> 

31 31 

SC95 

31 

52?0 

61 

M93 


31 „ 31 

3 602 

31 

5-4C1 

61 

1-203 

1 

4 .,4 

3 97* 

4 

5-C19 

61 

1-252 

1 

41 .. 4 

*132 

41 

5-643 

61 

1-321 

I 

4U4 

*■245 

41 

CO03 

e 

1370 

\ 

41 M 4 

*•399 

41 

C-221 

61 

14(0 

5 

41 „4 

4-507 

41 

C37* 

61 

1 491 


41 « 4 

*-055 

41 

C5S3 

61 

1-55T 

i 

4t ^ 41 

*•709 

41 

C745 

61 

1-61* 

1 

41 41 

4-919 

41 

C-950 

7 

i<;«3 

1 

\ 

5 » 41 

5-027 

5 

7109 

71 

1-740 


^ ; and the ridge pole abool 4 x 5| inches. If the pnrlm be made a|uaie ir 
1 slight increase would be re«jmred, were anj of the weaker kinds of wool t: 











CHAPTER XIV. 


CENTRES. 

274. A Centre is a timber frame for supporting the stones or bricks 
of an arch during its construction. Its qualities consist in its being 
sufScicntly strong and stiff to bear the whole pressure of the arch stones, 
during the building of the arch, from its springing to its keying. It 
should be capable of being easily romored, and as it is only a temporary 
frame, should be so made, if possible, that its timbers may be of further 
use. In narrow streams where intermediate supports can easily bo estah< 
lished, this framing should always be made upon horizontal tie-beams, 
supported in sereral places by piles eunk in the bed of the rirer ; in sach 
cases, then, the construction of a centre is comparatirely easy ; but, in 
navigable rivers where it is difficult to place such supports, where space 
must be left for the passage of vessels, and where there is danger from 
floods, the construction of a centre requires much skill. In large arches, 
where the arch stones rise to a considerable height, they often force the 
centre out of form by causing it to rise at its crown ; to prevent which, it 
is sometimes necessary to load the centre, but this is a make-shift, and 
would not be necessary if the centre were well constructed. In making 
centres, it is not enough to consider what weight they will bear without 
fracture, but what they will bear without derangement, as, upon this quali- 
ty of stiffness and preservation of form, depends the goodness of the arch. 

Centres are composed of several vertical frames or trusses, connected 
by horizontal lies and stiffened by braces. In cases where they span the 
whole width of the archway, the off-sets of the stone-work afford a snb- 
stantial abutment fortbeirsnpport. frames or trusses of the centres 
are usually from 4 to G feet apart, one being placed under each of the outer 
rings, and the others dividing the intermediate space; from truss to 
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IMiss, hoTizontal limbers extend, called laggings, and these support tho 
arch stones. 

276. Pressure on Centres.— Before proceeding to lay douu any 
role as to the constrnction of centres, it will be necessary to show how 
to find the pressures of the ’different orch stones on them. 

It Is usually stated that arch stones do not begin to press against tho 
centre, nntil courses arc laid, the slope of nhose beds is steeper than tho 
angle of repose ; that is to say, from 25® to 35®, or about 32® is tho 
average ; but in order that this may be true, the lower part of the arch 
must be so tliiclc as to hare no tendency to vpstt inicards ; a thickness equal 
to about onc-tenth of the radius of currature of the intrados is in general 
sufficrent for that purpose, but still any accidental disturbance of the arch 
stones may make them press against the centre. 

Each successive course of arch stones that is laid, causes the pressure 
exerted by the previous courses against the centre to diminish, and when 
a scmi'circular arch is completed, all but the keystone, the stones whoso 
hods slope less steeply than 30®, have ceased to press against the centre, 
even though there should be no friction; in fact, when the load on tho 
centre reaches its greatest amount, its action is nearly the same whether 
friction operates sensibly or not ; and remembering this, and also that tho 
calcnlations caused by neglecting friction err on the side of safety, it 
appears, that for practical pnrposes, it is sufiicient to calculate tUedoad, 
as if the friction between the stones was insensible. 

If ft be the co-eflicient of friction (represented by tan a, when a is tho 
nngle of repose), and /3 be Ibc inclination of tbe lower joint of a stone to 
the horizon, "W the weight of an arch stone, and P tho pressure. 

Then r = W (sin fi — p cos (i). 

The following is a table of co-cfficients at varions angles, tbe difference 
of tnc successive joints being 2®. 


Angle of inclin. 3t*, Pcs-OIW Angle of lUcUn. 4S®, r = ’33 W 


GG*, r 03 W 
S'!®, P = -IS w 
40®, r=17 w 
4?*,P= SIW 
44®. P = 53 W 
4c®, p = -sa w 


CO®, P = *37 tv 

£ 2 ®, r = -40 tv 

34®, r = -44 tv 
CC®, rs=-48tv 
CS®, r = *52 tv 
CO®, P = -54 tv 


Tins Table might be extended, but when the plane of the joint becomes 
\oL. j.— xuinD Ei>iTto:(. 2 o 
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SO mach inclined, that tlie vertical through the centre of gravity of tlio 
arch stone does not fall within its lower bed, the whole weight of the arch 
stone should be considered as bearing on the centre, 

276. As<in example.— To find the pressure of the arch stones upon 
22° of the centering, counting from the joint which makes 32° with the 
horizon. Sum the preceding Table from 32* to 54*, and multiply by the 
weight of a portion of the arch stones comprehended between 2°, the 
product will be the pressure reqnired. 

Thus, suppose the frames of a centre to be 5 feet from middle piint to 
middle point, the depths of the arclt stones to be 4 feet and the space com- 
prehended in 2° measured at the middle of the depth of the stone, to bo 
1'5 feet. Then the solid content will be 30 cubic feet, and taking 150 lbs. 
as the specific gravity of stone, the weight will be 4,500 B)s. This sum 
multiplied by the sum of the preceding Table, 2*70, gives 12,150 lbs. 
for the pressure required. 

From au inspection of the table, it will bo seen that the pressure in* 
creases very slowly until the joint makes a considerable angle with the 
horizon. For instance, at an inclination of 44*, the pressure is one-fourth 
the weight, at 58° more than a half, and near the crow)), the Boones re&t 
wholly on the centre. In designing centres, theiefore, this must be borne 
in mind, for it would be absurd to make them equally strong at every 
point. When the depth of the arch stone is double its thickness, the whole 
of its weight may be considered to rest on the centre, when the inclina- 
tion of the joint is CO®. If the length of the stone is less than twice the 
thickness, it will rest on the centre when the angle is less than GO®, and 
if more than twice the thickness, the angle will be more than 60° before 
it docs so. 

When the arch stones are small, the pressure is a greater proportion of 
the whole weight than when they arc large. 

277. Framing of Centres.— For large spans in India, the cen- 
tering most in use is formed by building a wall, or row of pillars, of brick 
in mud, in contact with the pier or abutment, and two or more parallel 
rows of pillars in the space between ; wall or pillar plates are then placed 
over these transversely. On these arc put strong rafters of rough W'ood, 
connected together by others forming the lagging, on which is built a 
mass of brick in clay ; leaving the upper surface plastered with clay, and 
brought to the exact shape of the intrados of the arch ; a little sand is 
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flirn rprinlwlei! orcr iJ, jinJ aftfr I*ffng felt for n Jaj or two to iTrj, it n 
rcsily to Inili! npon. Care mn^t l>c lalwcn that the timber }i strong cnongli 
not to bend nnder iti load. When the span not Tcry con»idcrable, and 
(in the ca«c of a rircr) there ii no ri«k of flood, there is no objection to 
this kind of centre, as it is ca«ilj constrncted and is economical ; nearly 
all the bricks in the pillars, Ac., as they arc only set In clay, can Itc used 
afterwards to complete the bridge. 

When hoffCTcr the span is more than 30 feet, it will be ndTisahlc to 
adopt a centering, composed of foaror fire liml'cr frames constmeted open 
horizontal tic*l>oams «npporte«l in fcrcral jdaccs by brick pillars, from the 
lop of which stmts should radiate to support the main ribs in ns many 
points as may bo requisite. Tlicsc main ribs arc to be presenred from 
lateral moTcment by cross stmts and braces, and the irregnlar polygon 
formed ly them most he brought to the form required for the arch, by 
eupplcmcnlary frame-work of slighter conslmetlon, under the lagging. 

In important works these centering frames should Icgcicntiiically dc- 
a=}gncd as “ tnjs»es; ** and where intennediate supports cannot be used, it 
is imperatirely necessary to construct trussed frames on the principles ex- 
plained in the nest paragraph, 

27Q. Tliat a centre may bo mflicicntly strong to support any part 
or the whole of the pressure, and be stiff enough to do so without 
changing its form, the strains must not net rcry obliquely on the sup- 
porting pieces, the magnitude of the parts must be proprotional to tho 
strains on them, and the component timbers be so disposed so as to 
prcTcnt any part rising, iostcad of causing it to rise as Is too com- 
ply. 1 . monly tho ease. Piy. 1 

shows the centre design- 
ed by Bmcalon for tho 
Coldstream Bridge, and it 
is an admirable specimen 
of a centre where inter- 
mediate supports can bo 
obtained ; but when intennediate supports are impossible, more care is ncccs- 
eary in forming a design. It is obvious that laying a load on the haunch- 
es, must have a tendency to rwsc the crown, unless it bo so constructed 
that this tendency is counteracted. Let tho lino ACA', Fig. 2, represent 
the curve of an arch, and let the areh stones begin to press upon the centre 
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at B, B', whore the joints inclino at 82° to the horizon, and let the laying 
of the arch stones proceed alike on each side. Now if two trussed frames 
EDH, E'D'H' abut against each other at C, tho point cannot rise in a 
sensible degree from the pressures at D, IV, and much additional security 
may be gained by aiding the pieces FF" with the pieces FI, F'l'. The 
framing of this centre begins on each side, nearly at the point where the 
Fij. 2. 



arch stones first exert pressure. The enrred rib must be strong enough to 
hear the parts between BD and DC, but tho bearings may be shortened by 
making the abutting blocks at D, D', longer. The beams EO, E'C will bo 
ties until tho arch stones ate laid beyond D, D'. ,Tlicy will then begin to 
act as struts, and will continue so to act until thowhole arch is laid. This 
plan of centre will not do for a very large span, because it then requires a 
very long piece of timber, and the points of support for the curved rib be- 
come too far apart to be supported by timbers of the usual dimensions. 
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tlio beam FF' in tlio middle, nnlcss it is too weak to resist the pressure in 
the direction of its length, and as it is easy to give any degree of strength 
that may be required, n centre of this form with little variation in the 
trusses, may bo applied to any span which will admit of a stone bridge. 
"When timber is not to be liadof sufiictent length, the beams EF, FF' E'F' 
may bo built beams : according to the methods described in Chapter XII. 

'279. Ftg. 1, Plate XXXI., shows a centre for a small span. It 
consists of a trussed frame, of which A is the tie, B the principal, or, 
ns its outer edge is curved to the contour of the arch, it is called by 
Smeaton the felloe, C the post or puncheon, and F a strut. The centre 
is carried by the piles D, on the top of which is a capping piece E, 
extending across the opening 5 and the wedge blocks a arc interposed, 
betwixt it and the tic-bcam. 

Fig. 2, anotbcp centre, also for small spans. 

In Fig. 8, the weight of the centre ol the arch is carried directly by tho 
struts to the ends of the tie-beam ; the tie-beam, struts, and king-post A 
making a simple king-post truss. Two other trusses support tho arch 
abov^ the haunches, and have a collar-piece between them at half the 
height of tho arch. TIic ends of the cross-braccs are seen at a 

Fig. 4 shows a centre with intermediate supports and simple framing, 
consisting of two trusses formed on the pimciicons, ovei the intermcdlato 
supports, as king-posts, and subsidiary trusses for tho haunclies, with 
struts from their centres parallel to the mam struts. 

280. Indian Fxaviples of Centering. — In the annexed Plates are 
shown some other centres that have been used in different parts of India. 

Plate XXXII. and XXXIII. Centerings used for tlie Ganges Canal 
Bridges. 

^ Plate XXXII., Fig 5. Span, 20 feet, the ribs, ten in number (placed 
4 feet apart), were supported on temporary pedestals made of brick and 
mud, erected close upon the piers The ribs rested on a striking apparatus 
consisting of tho usual double wedge or pyramidal shaped bolts, which 
were supported by the above pedestals. 

Fig. C. The whole of the 55 feet span arches in th.e Northern Division, 
of tho Ganges Canal, were boUt with this species of centering; its great me- 
rit consists in its being made with the kurne or staple rafter brought from 
the Scwalik forests, in the hurries pot being pierced or injured by tenon 
and mortise ; and, consequently, by their being available for other pur- 
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poses afterwards. The design is an excellent and a most cconornjcal one, 

Plate XSXiri., 7. Span, 55 feet, used for some of the bridges 
near Boorkec. 

Ftg. 8. Span, 50 feet, used at the Solani aquediiet. 

Plate XXXIV., Fi^s. 9 and 10. Centerings with intermediate sup- 
ports used in Madras. 

Plate XXXV., II. Captain Best’s centering consists of a scries 
of ribs, each composed of three planks, of which the upper one is horizon- 
tal, and notched at each end into two planks placed transversely ; to which 
the other two planks, fonning the rib are also notched at their upper ends, 
and have their lower ends resting on wedges, placed on a temporary brick- 
in-mud wall, pointed with chunam, in contact with tlje pier or nbutmeut. 
Planlca are laid over the ribs at right angles to support the usual stuffing 
of brick and mud. The ribs arc placed about 2 feet apart, and planks 1 
foot deep and 2^ inches broad (if of good teak) will do for spans under 
dd feet. If they are of mango or other infenor wood, tlio dimensions 
must be increased a little. 

The advantages of this centering consist in the gimpUcity of its con- 
struction and the ease witlv which it may bo carried from place to place, 
and as the planks, of which it is formed, arc but little cut up in being 
prepared for the centering, they may be disposed of, if not required for 
another bridge, at nearly their original value. 

Plait XXXVI., Fig. 12, shows the details of the centering used for 
the Wutda bridge of 7 arches of 50 feet spaa, and 10 feet rise. Three 
acts of centres were used, 5 ribs to each set; each rib weighing about 
tons. This centering answered .admirably, and was struck by means of 
sand cylinders as described in a succeeding paragraph, 

281. Striking Centres. — ^When the arch is finished, the temporary 
supports have to be removed, and for this purpose Bcvcrnl methods are 
used, which hare to be provided for in the design and construction of the 
centering. 

Wedges . — The most usual way, until sand-cyliaders were introduced, 
was by means of wedges placed under the wall or pillar plates, by the 
striking of which on their sharp cuds, the wall plates may be gradually 
lowered. These being double, it is evident that if their small ends, on, 
arc struck inwards, tlie line ah will be lowered, aud with it the wall or 
pillar plate c, and anything supported by ik 
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^Vc^lg^s slioiilil I'C In >cfs of llircc ; tlie tni<li11c one iliroctly nmicr Hie 
Troiglil 6npj>ortcil, tlic otiicr two at equal 
distances on each fide of it ; (hen by 
striking the centre one first, the weight 
will be equal)/ supported by the two 
side wedgc«, the centre one being refixed 
loosely, the fide wedges may be struck 
till tlic weight is again borne by the 
middle wedge, and thus the lowering 
may be safely and gradually efTccted. 

The wedges orer crery pillar should all be struck equally and simul- 
taneously, but ns this ia difficult of nceoniplisliment, it may be sufficient 
if the wedges arc struck in succession, lowering slightly those in the cen- 
tre line first, then those in the two next lines, and so on to tliose at the 
springing, taking care that the lowering Is xery gradual and equable. 

282. In order to avoid the necessity for sending men in under the 
orcU to strike the centerings, the wedges may be connected together on 
beams, so placed as to pass outwards from the two centre frames or trusses 
to either cud of the arch ; striking each beam inwards, lowers every cen- 
tre frame resting upon it. In centerings entirely supported at the spring- 
ing of the arclic«, four such beams, or two on each side, only will be re- 
quired. In centerings on pillars, two will be required on each row of 
pillars, between tbc pillar plates and tbe trusses. In sm.'ill arches these 
be.sms may be driven inwards with mallets, but in large arches the work 
may be done by a beam mounted and worked as a battering ram. 

The wedges should be made of hard wood, and the beam above should 
also be hard and smooth ; if a roogh timber Is placed on the fop of a badly 
formed wedge, there will be the greatest diSiculty in getting the latter to 
move at all ; they should be thoroughly cleared of dirt and rubbish, aud 
bo well oiled before the process of lowering commences. 

283. ’ J^flci-scrnrs.— A still mor«* gradual method of lowering cen- 
terings was used in constructing tbe Roorkee aqueduct, viz., by the iu- 
trodaction of jack screws in the place of tbe wedges, prior to lowering; 
this was effected by the use of triple wedges, the middle wedge being 
stmek out without affecting the centering; its place being then suppli- 
ed by the screw tightened up to receive the strain, the outer wedges were 
then struck away and the pressure left on the screw. Tbe screw being well 
oiled and fully up to the work required of it, could be turned by means of 
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cone opposite each liole, and stopa. When everything is ready, the 
Engineer gives the order to lower from 2i to 2 inches ; then, by means 
of the iron rods, the men remoro the cones of sand, and help its cscapo 
with the curved end in the event of its having got wet during the progress 
of the work, until the piston shall have descended the distance rcc^uircd, 
which will be noted by a scale attached to each piston. The workman then 
allows the little cone of sand to accnmnlate and waits for a fresh signal, 
and in this way the centre descends gradnally, and detaches itself nniform- 
ly from the arch, without shaking it. It will be seen that being com- 
pletely master of the operation, leisure is given to make all necessary 
observations, so as to be assured that all goes on well, or to take mea- 
snres should the contrary be the ease. At the Pont d'Anstcrlitz, 
commenced the 20lh ilay, 1854, and opened for traffic on the 3th No- 
vember, the centres were struck in two hoors, and it might have been 
performed in still less time by placing a man to each of the cylinders, so 
as to lower all the centres simultaneously. Each arch of the bridge was 
supported hy 3C principals, and tho enormous weight of both the masonry 
of the arch and tho metal of tho roadway, bore on the centres, they not 
having been removed until after the opening of the bridge to the public.” 

285. This method has been lately much adopted in India, 

and the following arc examples of its application in particnlar instances:-^ 
£, I, nailteat/ Srtdgei.—" Many of the bridges in (he Mirzaporc district are bnllt 
with ashlar arches of CO feet span and of great weight, necessitating a very strong 
centenng j this consisted generally of scTcn ribs of sal timber, canying for lagglas 
a layer of the sleepers, afterwards nsed in (be permaoent way. Tho nbs were kept 
vertical by being tied together with cross braces, and were supported with four pairs 
of w edges under each rib iu the usual way. 
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liammei- was placed orcr cacb pair of wedges, and fit a given word they all struck 
together. From that moment, the noise of the haniiners rendered any further order 
inaudible, and the wedges came oat one after the other, in noparticnlar order accord- 
ing to their tightness or the strength of the hitting. The resnlt was most nnfortn- 
nate ; the heavy ribs came down singly, and In so doing broke from the cross ties, and 
nltimately fell over on their aide severely injuring some of the hammermen. 

“It was this accident which cansed the adoption of sand boxes, which were made 
in the following way 

The box is made of 2-inch s41 plank, 18' x 9* X 9' inside dimension ; the sides are 
dove-tailed into the ends, and the joints all scenred with 3-inch scicws 5 the top is left 
open. Over this box and testing on the sand, is a rcctangnlar block measuring 
1C" X 8 " X 8 ", so as to give half an inch play at each side and one inch at the ends. 
At each side of the bottom of the box, arc a couple of 1-inch holes sloping upwards 
and inwards, and closed for the time with wooden pings loosely driven in and luted 
round with a little moist clay. 

“ When the arch is ready for striking, four of these boxes {2S in all) arc placed 
nnder each rib as near ns possible to the sopportmg wedges, the box filled with dry 
sand, the block laid carefully on the sand so as to be clear of the inner edges of the 
box, and a pair of greased wedges with only 1 -incb taper are driven with a hand ham- 
mer between the block and the tie-beam of the nb. The old wedges are then easily 
knocked out, and the arch rests on the sand and js freed by drawing out the plugs. 

“ The same set of boxes was osed for sixteen arches without receiving on} material 

damage. 

“This constructioa of sand-boxes may perhaps appear too simple to be worth des- 
cribing, and the only feature to which I wish to draw attention Is, that the surface of 
the sand is left uncovered for half an inch all ronnd the edges and shows no tendency 
to overflow, notwithstanding the enorroons weight laid on it, it being theproperfyof 
sand not to transmit lateral pressure beyond a certain angle. 

“The central surface of sand on which the block is laid forms snch an unyielding 
bed, that in transferring the weight of the arch and centering from the old wedges to 
the sand boxes, the greatest subsidence observed at the crown was never more than 
one-eighth of an inch. 

“ The play thus allowed to the block is essential to its steady descent, because as the 
sand is let out by the sides, its upper surface 
does not remain horizontal, and the block be- 
ing no longer on a level bed, would, if made to 
fit tight, most inevitably get j.ammed and stop 
or burst the box ; any close fitting plug or pis- 
ton will I thick be fonnd to fail on this account. 

“ I would suggest the following modification 
of the above construction as applicable to very 
large spans, or to any case where the arch re- 
qoircs to be let down slowly, or the process of 
lowering to be stopped at any point. 

“Dbpense with the plugs, and let the box 
stand on a plank a foot wider than itself so 

ns to form a shelf C inches wide under the ping holes 5 thus the sand from the holes 

will stand on this plank in small cones at eboutSO^to the horizon, and will stop the 









CHAPTER XV, 

FLOORS, PARTITIONS AND STAIRCASES. 

287. Although double-storied houses are rare in India, more espe- 
cially up-country, still they are occasionally built, as in the case of new 
Barracks, houses in the hills, «fec. We shall therefore describe Timber 
Floors, Partitions, and Staircases, which are generally req^nired when the 
building consists of more than a single story. 

Floors. — Tredgold describes three sorts of floors— -ainglejoisiecl, doulle 
joxsted, and framtd. These are rcspectirely shown in Bigs. 1, 2, 3, of 
Plate XXXYIII. It was found by experiment that the single joisted 
floor was the strongest ; indeed, the complication of the others is quite 
unnecessary as regards strength, and results only from a desire to make 
as perfect a ceiling as possible, it being found that ceilings so supported 
are little subject to cracks and irregularities; in India, where ceilings are 
not considered essential, the single joisted floor should undoubtedly be 
used. As planking is generally difficult to obtain, and is apt to warp or 
rot, the floor of an upper story is ofteh- made with tiles, and plastered in 
much the same way as a Sat roof, the girders and burgahs disposed in the 
same way as in its construction, and the calculation for them being of 
a precisely similar nature; but, as a floor should not oscillate by the 
movement of people, it is better to have frequent timbers of a stiff section, 
than infrequent timbers of a section which is stronger, but not so stiff. 

288. Plate XXXVIII., Fig. 1 , — Bridging joist or Single joisted 
Floors. — No. 1 is the plan of an apartment; a a c «, are the walls, h h 
the wall-plates, c c c c, &c., the bridging-joists, d d part of the flooring 
boards. The bridging-joists are usually placed from 10 to 12 inches 
apart : their scantling is dependent on their length, their distance apart, 
and the weight they have to carry, and may be calculated as in the case 
of flat roofs. 

No. 2 shows a section through the joists at right angles to their 
direction : c c are the bridging-joists, d the edge of ono of the flooring- 
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boards, e e tho sido of a ceiling-joist. Tbo ceiliDg-joists cross the bridg- 
ing-joists at right angles, as seen at e e F, No. 1, and are notched op to 
them and fastened uith nails. Sometimes ercry third or fonttli bridg- 
ing-joist is made deeper than its fellon’s, and the ceiling-joists arc then 
fixed to them only. This has the adrontages of prerenting sonnd 
passing so readily, and making the ceiling stand better. 

289. TVhen the hearing of single joists exceeds 8 feet, they shonld 
bo stmtted betn-cen, to prcTcnt their tnisting, and to giro them stiffness. 
■\Yhcn the hearing exceeds 12 feet, too rows of stmts are necessary ; and 
60 on, adding a row of stmts for every increase of 4 feet in tlic bearing. 

There are three modes of stmtling employed, the first and most 
simple is to. insert a piece of board, nearly of the depth of the joists, 
betTveen every two joists, so as to form a eontinuons line across. The 
stmts shonld fit rather tightly, and arc simply nailed to keep them in 
position. The second mode is to mortise a line of stont pieces into the 
joists in a continnons line across, but the mortises materially sreaken the 
joists. The third mode is represented in theseetion No. 2 ; //arc donblo 
stmts, of pieces from 3 to 4 inches wide and inch thick, cro«sing 
each other, and nailed at tlic eroding to each other and at their ends to 
the joists. Tlie stmts shonld he ent at their ends to the bevel proper for 
their inclination. To save the tronWe of boring holes for the nail*, two 
slight ents arc made at each end with a wide-set saw, and the stmt is 
nailed throngh these with cla«p.nails. Of the three modes, the last is 
the best. In No. !»/// show three lines of slmls. 

290. rn'mmcr#.— When ’some joints wonld, from their position, mn 
into a fireplace or fines in a wall, it is improper to give them a bearing 
there. In the case of the floor, Fij. 1, two short timl'cr*, called “ trim- 
mers,” arc introdneed— one on each side of the place to be clcareil, with one 
end resting in the wall, and the other framed into the third joist from it : 
into the enter side of these, respectively, the end portions of the two 
first joists arc framed, the intennediatc portion being dispensed with. 
The joist into which the trimmers are framed is called the “ trimming- 
joist,” and is made thicker than the others, according to the nnml»*r of 
joists dependent on it for support. The hearth rc'ts on a brick arch 
turned between the trimmer and the wall. Trimming is also resorte-J to 
for stair and other openings. 

291. Timber partitions ere internal vertical diTi'i''as used ia 



810 


TLOOnS, PARTITIOSB AKD STAIRCASES. 


the upper stories of a building, to make tbe separations required in form- 
ing the apartments. When such apartments are more numerous limn in 
the lower stories, the partitions should be so constructed as in no way to 
influence, by their weight, the integrity of the ceilings of the rooms 
beneath; and their weight thcreforo should be transferred, by the system 
of framing, to the immoTahle points of the structure. 

To aceomplish this, trussed or quartered partitions are used. These 
are framed on the same principle as a king or queen-post roof; and ore 
equally capable of hearing a strain proportionate to the scantling of the 
timbers of which they are composed. ' 

Timber partitions should not bo used in dividing the ground floors 
into apartments, because of their liability to be affected by damp. Stones 
or bricks arc the proper materials to use in. sucli places. 

292. Platt XXXIX., Ftg. 1 , is a partition trussed oh the principle 
of the queen-post roof. Tbe object aimed at in this case is to resolve 
all the pressures or weights of the partition into vertical or downward 
pressure on tbe walls, which in the example before us, is rendered 
easy by the symmetrical arrangement of the openings. For it will be 
readily seen that the pieces DD, with the intertie AA, the straining- 
piece h, and the struts d acting in the same manner ns roof principals, 
form a queen-post truss; the iotcrtic A A being rendered continuous 
as a tie-beam by the straps at a <i. The strut c serves to discharge 
the downward pressurn atm to the wall; and the counter-strut /the 
pressure at n to the foot of the quccn-post D. The actual stability of 
the partition, however, depends on the upper trussing; that is, on the 
framing composed of the tic AA, the posts DD, tbe principals d d, and 
the straining-piece h. 0 is the headpiece of the partition, B its sill, 

I the door-posts, and i i the door-frame; bh,bb are the joists of the 
floors above and below. The counterbraces, such as g, prevent tlic 
sagging of the main stmts, and give additional stiffness and firmness 
to the framing. 

This partition is at right angles to the direction of the joists b I, and 
therefore when the door-posts do not fall upon a joist, it is necessary to 
support them by pieces, as k. 

293. Fig. 2, No. 1. — In this example, the intertie B, the post D, 
and the struts g, form a king-post trass. .Tlje door-posts I, aie secured 
by the straps at o and p, the intertie is continuous, and tlio king-post is 
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rendered bo by Ibe strap at m. The sill is snstalncd by the strap at n, 
and thus the Tvhole system of the framing is dependent on the npper por- 
tion of the truss : e and f are the struts, and it the doorcase ; A tho 
headpiece, and hh joists of the floor aborc. 

In No. 2, the upper portion of tho truss is on the queen-post principle 
D is the intertie, which, as before, is the tie-beam ; e is the strut form- 
ing tho principal, and f the straining-piccc. Tlie door-posts A, B, aro 
suspended by the straps c e, E is the sill, d a stmt or brace, g a counter- 
brace, and C the headpiece. 

294. Joiners* work.— Doors. Tl>e door and door frames arc two 
distinct parts of the house-^tting. The door frame consists essentially of 
four pieces, called stanchions or posts, and a topsill or Imtel and a ground- 
sill. For external doors, the parts arc generally of solid timber cut with 
a rebate on the inner faces for the door to shut against ; the topsill or 
lintel is almost always of solid timber, as eren if it has no superincum- 
bent weight to carry, (which it ehould not hare,) the stability of the door 
depends much on tho bonding of the topsill into the wall. Tlio ground- 
sill is generally of hard wood or stone, in order to withstand the wear of the 
traflic. The framing togcUier of these four pieces is done in the manner of 
ordinary carpenters’ framing, and the timber Is generally wrought or jdaned. 
It is fixed in the rereal constructed in the wall to keep the wind and rain 
from passing between the frame and the wall ; hence an external door al- 
ways opens inwards, an arrangement suitable both for conrcnicneo and 
defence. The frame of an internal door may be made in the same man- 
ner as that of an external door, and set in areteal in the wall ; but it is usual 
in ordinary houses to line tho whole of the door opening in the wall with 
wood for tho sake of appearance, and the Tcitlcal and top pieces of this 
lining are used ns the posts and topsill of the door frame; hence an 
internal door frame Is a hind of box, the pieces of which arc dove-tailed 
together, and arc thick enough to allow of a rebate being cut in them for 
the door to shut against. As the cfliciency of a door frame depends more 
on its stiffness than its strength, the scantlings should never be very small ; 
probably 3x3 inches is the smallest section that should be given to any 
solid door frame, and a barrack solid door frame should be 4 x 1 inches. 
An internal door should he flash with the Wall of the room it leads into 
and should open into the room. 

295. Tlie door itself is composed of a frame of 4 or more pleceo, cen- 
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sistmg of two verticals, called one horizontal at the top, and another at 

the bottom, called the top rail and bottom rail, and two more intermediate 
horizontal pieces called the lock rail aodyriese rail, and sometimes an in- 
termediate style (called moutant, mounting, mxillion) to reduce the breadth 
of the pannelling : according to the mode of filling in this framework the 
door receives its technical name. The rails are framed in between the 
styles with common mortises and tenons, driven up tight with little wooden 
wedges. The intermediate styles are framed in between the rails. Tlie filling 
in is sometimes of boards or battens nailed against the framework, or let in 
flush with the framework on one side: this method is generally used with 
common doors as for barrack rooms, and is called a fratned and battened door. 
Sometimes the filling in is of thin panels of wood mortised into the frame 
with a continuous groove all roond; this is used with doors of more im- 
portant rooms, and is called a framed and panelled door. It is the 
strongest description for ordinary purposes. In large battened doors a 
diagonal brace is sometimes introduced estending from the upper outer 
corner to the lower inner corner. 

Fig. 1. Fig. 2. 




In ordinary framed doors, the top and frieze rails are generally of the 
same width as the styles, the bottom and lock rails generally twice as 
wide. la Fig. 1, a, a are styles, b the moutant, c bottom rail, d lock rail, 
c frieze rail, / top rail, g frieze panel, h middle panel, k bottom panel. 
"IVlien a doorway is closed by two doors of e^ual width hinged to its oppo- 
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site jambs, tbe middle or meeting styles are freciuently rebated and 
beaded ; sucb a door Is termed a douhU-margtned door or twodeaved door. 
Doors aUo, Trhicb, whilst they are in one width ore framed with a wide 
stylo in the middle, beoded in the centre in imitation of the two styles of 
a two-leaved door, are also called doable -margined doors. Fig. 2 shows 
the appearance of the two«lcarcd and double margined doors. A sash 
door is one which is glazed aboTc the lock rail. 

296. ^ViKDows. — There are three ordinary methods of arranging tho 
opening of windows, T»*quiring three kinds of constrnction. 

l«t. The Sliding Sash, in which the window slides Ycrlically np and 
down in its frame, being counterbalanced by two weights, one on each 
side, moving inboxes made in the frames and connected with the windows 
by cords passing over pullics at the top. Tliis is the mctlmd commonly 
used in England, and is the moH effeclive one in climates of much wind 
and rain. There is » window frame. ja«t as there is a door frame, for tho 
windows to work in, and this js made of four pieces like a door frame, 
two side pieces, a top sill, and a bottom sill. The side piccc«, instead of 
being solid, consist of the boxes before mentioned, or taits as they aro 
called, made of thin boards, the sides of which project slightly towards tho 
window, forming a kind of groove for the window to slide in, The top 
and bottom sills are cat with a rebate for the window to shut against, and 
the bottom sill is leathered, that is sloped on its upper surface to cany 
off the rain. The bottom sill is generally of hard wuod, on account of its 
exposure to wet. Tlie frame is made by the carpenter and fixed in its 
place by tho mason or bricklayer. 

The window or la/h, as tlm joiner rails it, is made like a door, of a 
frame of four pieces, two styles and two rails : they are j'Ul togetber on the 
same principles as in a door ; the inlemiediate pieces to hold the pane« aro 
called the l><ir$, Tl'e rertieal sash tara extend coniinooii*ly from 
top to bottom, tbe horizontsl I ars are framed in l*elween them. Tlje 1 ars 
and frame pieces are cut with a rebate on ibe outer sides formirg a si ou’J- 
er against wbirh the gla^s is laid; tie ondersule of tbe lottom ralHs 
hcvilled to fit the westberings of the lottoxn sill of the window frame. 

TYhen the window is in two sejiarate | leces, or is l\rg rhtffe, hitirg 
an upper and a lower sa»1i. each pcce i* hung separaltlr to a pair of 
conntcibalancing weights, the epper sa»h elides downwards to open, and 
the lower fi‘h slides upwards, the upper cr.e Uirg pltc^^ tnUile tie 
YOU. i.— vnirti rnmo'^. 2 » 
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lower one for this object partly. The meeting raile of the two sashes arc 
cut with a beril on the inner and outer edges, respectively, in order that 
they may fit quite closely when shut. 

Ihfl size of the panes or intervals of tho snsh bars arc determined by 
tho most convenient and economical sizes of glass which can be obtained. 
The puUies of tho counterbalancing weights arc generoHy made of brass, 
and tho weights of lead, and tho cords of a small white rope called, sash 
cord. The only other fftstening required is one connecting the two meeting 
rails together, which should be such that when open it shall not interfere 
with the movement of tho sash ; it is partly for convenience of arrangment 
of this fastening that the upper sash is placed outside the lower one. 

2nd. Casement irinrfoies.— -The second method of opening windows is 
that generally used on the continent, and in Indian houses, of hanging 
them with hingea to tho frame to open hkc a door. It is very difScuU to 
keep out tho weather with this method. The window frame is in this cose 
solid, and is cut with rebates on the side pieces and silU for the windows 
to shut sgainst, otherwise tho frame is made on the same priodples as a 
door frame. The window is generally divided in two parts or /roves 
vertically, like a folding door, in order to reduce the breadth of tho mor» 
ing part, hlach part is made of a frame of four pieces with sash bars, 
but in this ease the horizontal bars should extend continously through, 
and the vertical bars should be framed in between them. Several different 
methods have been proposed of forming the rebates, and the junction of 
the two centre styles, with the object of effectually keeping out the rain 
and wind} the most effective appears to be to make a curved groove in 
one part, and a corresponding curved tongue or projection on the other, 
so as to fit close to each other when shut 

Besides the hinges, a fastening similar to a door lock and bolts are 
required for this window, 

8rd. Stringing TTindmcs.— Another method of arranging the opening 
of a window, common in factories, barracks and any lofty rooms, is by 
swinging it on two horizontal pivots in the aide styles, a little above the* 
centre of their height, so that it is opened and shut by means of two lines, 
one from tho top rail, and one from the bottom, the upper part opening 
inwards and the lower pact opening outwards. This is therefore an advan- 
tageous plan for windows, out of ord'miwy reach of hand. The horizontal 
sash bars in this window should extend continuously across, and there 
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be a centre rail to boW the two pivots. It is easier to make this 
wincioTT water-tight than the casement window, because a rebate forming 
an effective stop can be cut in the Inner side of the top part, and the outft 
side of the bottom part. It is not applicable to large windows, on account 
of the strain from the mode of hanging. 

The weight and strength of a window depends much on the thickness 
of the wood work, as in the case of a door; 1 J inches is a suitable thick- 
ness for an ordinary barrack window. The sash bars are generally the 
same thickness as the frame. 

297. Statrcases.— 5/aira arc constmctlons composed of horizontal 
planes elevated above each other, forming steps ; affording the means of 
communication between the different Mories of a building 

The horizontal part of a step is called the treaU; the vertical part 
the riser; the breadth or distance from riser to riser, the . 

Triion the steps are narrower at one end than the other, they are 
termed tcinefers. 

The wide step introduced as a resting-place in the ascent is a landinu, 
and the top of a stair is also eo called When the landing at a resting 
place is square, it is designated a guarttr tpace. When the landing 
occupies the whole width of the staircase >t is called a half tpaet. 
So much of a stair as is included between two landings is called a 
/ijht, especially if the risers are parallel wi\h each other*, the steps in 
this case are /lers: the distance from the first to the last riser in a flight, 
the goinj of the fight. 

The raking pieces which support tho ends of the steps are called 
sfrmys. The inner One, placed against the wall, is the vrall ttring ; the 
other the/iont or outer tiring. If the front etnng is mitred or bracketed, 
it is called an open string ; if grooved, a close thing. 

Stairs in which the enter string of the upper flight stands directly and 
perpendicularly over that of the lower flight arc called dog-leggtd stairs 
(i-rde ftg. 1, pase 318, and Plate XLf); otherwise nn'"tl tiatrt, from the 
fact of a piece of stuff called a neicef, hemg ««ed as the axis of the spiral 
of the stair ; tiic newel generaUy omamented by turning, or in some other 
wav. Tlie outer strings in sueli stain arc tenoned into the newel, as 
also are the first and la^t risers of the flight. 

When the vertical planes of the upper and lower strings are separated 
by an interval, tbc space is railed the mil-hole, ride Pig. 2, page 318. 
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Where there is a well-bole and no newel, and the string is continued in a 
ciwve, t!i6 curved part of the string is said to be xwtathsd, and the stair 
j^ben a geometrical stair. 

^ BesMes tte si.pji.irt afforded by the string,, the stair is sustained by 
pieces placed beloir the fliers; loose arc called carriages-, they are com- 
posed of longitudinal and transverse pieces; tbe former 'are called rongli 
strings, the htter pitchiog pieces ami the rough strings hare triangular 
pieces called loitgh hracicets, fitted to the umlersiile of the tread and riser. 

Tbe winders are supported by rough pieces called bearers, wedged into 
the wall, and secured to the strings. 

Where cotninunication between the stoiies is freejuent, the gnalities 
necessarj jn tho stairs are case and convenience in itving, combined with 
sufficient strength and durability. Economy of space in the constrnction 
of stairs ig an impeutant consideration. To obtain this, the stairs an 
made to turn upon themselves, one flight being carried above another at 
such a [(eight as will admit of head room to a full-grown person. Plate 
XL., shows in plan, section, and deration, the seroral timbers referred to 
nbore as used in the constrnHion of stairs. 

298. Jifeihod of setting out stairs where the hnlding U already erected, 
or the gtixtral plan of the building ft undet‘Sfood. Tbe first objects to be 
ascertained are the situation of the first and last risers, and tho height of 
the story wherein tbe stair is to be placed. 

A sketch is made of the plan of the hall to the extent of 10 or 12 
feet from the supposed place of the foot of the stair, and all the door- 
ways, branching passages, or windons wliich can posbildy coma in con- 
tact with tbe stair from its commencement to its expected termiiialion 
or landing, are noted. Tbi'* sketch necegsani/ incitidos a portion of the 
entrance-hall in one part, nnd of the lobby or landing in tlic other, and 
on it have to be laid down the e.xpccted lines of (he first and last risers. 
The heigiit of the story is next to be cxaclfy determined and taken on 
o ro.i ; tben, cssinniug a hvisM of riser sniloblo to the plnre, o trio! is 
made, by division, bow often tlis heigfit is contained in the beigbt of 
tbe story, and lie quotient, if there be no remsinder, will bo llio number 
of risers in the story. Should there he a renininder on the first division, 
the operation is reversed, the nnmher of inches in tho height being made 
tho divMend, and tho iieforo-foimii qnotieut tho ilivisor, nnd tho opera- 
tion of division by reduction is carried on, till the licight of tho riser 
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is oltflined to tlie tLirtj second part of an inch. These heights arc then 
set off on the storj rod ns exacllj as possible. The next operation is to 
show the risers on the plnn, hnt for this no arbitrary rule can be given; 
the designer must exercise his ingenniiy. 

299. Who two flights arc necessary for the story, it is desirable 
that each (light should consul of an equal number of risers; but this 
will depend on the form of tlie staircase, tlie situation and height of the 
doors, and other obstacles to t>u passed over or under, ns the case may be. 
Try what the width of the tread will be by setting off, upon the line n a 
in Fig. 1, the width of the landing from the wall AB ; and dividing the 
length of the flight into as many equal spaces ns it is intended there 
should be steps in each flight. The landing covers one riser, and there- 
fore the number of steps in a flight will be always one fewer than the 
number of risers. The width of tread which can be obtained for each 
flight will thus bo found, and, consistent with the^siluation, the plan will 
ho so far decided. A pitch-hoard should now be formed to the angle of 
inclination: this is done by making a piece of thin board in the slinpo 
of a right-angled triangle, the base of which is the exact going of the etep, 
and its perpendicular the height o( the ri«er. 

■ If the stair be a newel stair, its width will be found by setting out tho 
plan and section of the newel on the landing ; (if one newel, it should, of 
conrsc, stand in the middle of the width;) then, in coimeciion with the 
newel, mark the place of tho outer or front string, and also the place of 
back or wall string, according to tho intended thickness of each. This 
should be done not only to a scale on the plan, but likewise to the full 
size on the rod. Set off on the rod, the thickness of each string ; the 
depth of the grooving of the steps in the string ; mark also on the plan 
tlie place and section of the bottom newel; the same figure answers for 
the place of the top newel of tho second (light, the flights being supposed 
of equal length. The fiont slnng is usually framed into the middle of 
tho newel, and thus tho centres of the lail, the newels, the balusters, 
and the front string range with each other ; the width of the flights will 
thus be shown on the rod. 

It is a general maxim that the greater the breadth of a step the less 
should be the height of the riser; and experience shows that a step of 
12 inches width and 5^ inches rise, may be taken as a standard. 

300. Plans of Stairs . — Before giving examples of the various forms 
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of ‘^Inirs ordinarily occnrrinjj in practice, ttc sliall, ^vith ?ome minntcnc*'!, 
illuBtrato the mode of laying down the plan of a stair, where the height 
of The story, the mimhcr of the steps, and the space which they are to 
occupy, arc all given. 

TIjo first CTnmplo shall bo of tho simplest kind, or dog-lcggcd st.airs. 

Let the height (Tig. 1 ) he 10 feet, the number of risers 17, the height 
Fig 1. of each riser consequently 7iV. and the breadth 



of tread OJ ; the width of the staircase 5 feet 8 
inches. 

Proceed first to lay down on the plan the width 
of the landing; then the size of the newel n in 
its proper position, the centre of the nencl being 
on the riser lino of the landing, which shotihl ho 
drawn at a distance from the l.ack wall equal to 
the 8cini*wi<Uh of the staircase, and at right angles 
to tiic side wall. Bisect the Inst riser a ^ at o, and 


describe an arc from the centre of the newel, as o h, on which set out the 


breadth of the winders ; then to the centre of the newel, draw the lines 


indicating the face of each riser. If there bo net space to get in tlin 
whole of the steps, winders may bo also introduced on (ho left hand side, 
instead of the quarter space ns shown. 


301. The next example is a geometrical staircase. 

Let A D B C {Fig. 2) ho tho plan of the walls where a geometrical 
stair is to ho erected, and the lino C ho tho line of the face of tho first 
riser; let tho whole height of the story bo 11 
feet C inchei, and tho licight of riser C inches, 
tho number of risers will consequently ho twenty- 
three. The number of steps in each flight will 
be one fewer than the nnnib''r of ri«crs, am! ac- 
cording to the preceiling rule, the trend sliouM 
be 11 inches, so if there are two flights there will 
he twenty-one steps; or if STinders are nccc**srT, 
there will to twenty-two steps in all, from the 
first to (he last riser. IIi\ii’g first set out the 
opening of the well-hole, nr the line of balusters, 
divide the width of the stairs into two equal parts, and continue the line 
of division with a semicircle round the circular part, as shown by (be 
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dotted lino in the figure ; then divide this lino from the first to the last 
'riser into twentj-iwo equal parts, and if a proper width for each step 
can thus bo obtained, draw the lines for the risers. This woold, howeTer, 
giro a greater width of step than is required; take therefore 11 inches 
for the width of step, and this repeated twenty times, will reach to the 
lino d, which is the last riser. There are, in this case, eight winders 
in the half space, but four winders might be placed in one quarter 
space, the other quarter space might be made a landing, and the rest 
of the steps being fliers, would bring the last riser to the line AO. The 
usual place for the entrance to the cellar stairs is at B, but allowing 
for the thickness of the carriages, the height obtainable there will be 
only about C feet, which is not sufficient. At E, in this example, would 
be a better situation for the entrance to the cellar steps. 

302. Plate XLI., P{^. 1,— >Ko8. 1 and 2, show a plan and deration 
of a newel stair. 'Che first quarter space contains three winders, the 
next quarter space is a landing; the lower Bight is shown partly in 
section, exposing the rough string DB, and its connection with the 
bearers CO. The front striog AA should bo tenoned into the newels below 
and above. 

/'ly. 2.»Nos. 1 and 2 show the plan and elevation of a well'hole 
stairs, with n landing in the half space. The wetl*hole is here composed 
of two circular quadrants connected by a small portion of straight line; 
this figure is not so graceful as the perfect semicircle in 2, page 
SIS, but it allows more room on the landing. 

303. PlateXLlI., Fig. 1.— Nos. 1 and 2 are the plan and elevation 
of a geometrical stair, composed of straight flights, with qnarter^space 
landings, and rising 15 feet 9 inches. 

The first flight is shown in Fig. 1, No. 2, partly in section, exhibit* 
ing the carriage c c, T the trimmer joists for quarter space, and V the 
trimmer joists of the floor below, with the lower end of the iron balus- 
ter fastened by a screw and nut d, at the under side of the trimmer 
joists V. 

Fig, 2. No. 1, exhibits the plan, and No. 2, the deration of a geome- 

trical stair, with straight flights connected by winders on the quarter 
spaces. , 
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304. Masoxiiy is tlic art of raising stmctares in Stone or Brick, and 
Mortar. 

Masonry is clarified either from the nature of the material, as Stone 
2daeonry, Bnok Matonri;; or fronr the manner m whieh the materia! is 
prepared, as Cut Stone or Ashlar Masonrtf, linhhle Stone or Sough .Va- 
tfonry, and Hammered Stone Masonry i and io India, P»ci-o, /I't/e^a i’we-ta, 
and ffticAa, Brick Masonry j the first, consisting of burnt bricks set ia 
lime mortar ; the second, of burnt bricks Is mud ; and the third, of sun* 
dried bricks set in mud. 


CHAPTER XVr. 

STONE MASONRT. 

305. Ashlar — M.'isonry of ent stone, when cnrefulJy made, is stronger 
ami more solid than that of any other class; but, owing to the labor 
required in dressing, or preparing the stone, it is also the moht expensire. 
It is, therefore, chiefly restricted to those works where a certain architec- 
tural effect is to be produced by the regularity of the masses, or when 
great strength js indispensable. 

Before explaining the means to be used to obtain the greatest strength 
in cut stone, it will be necessary to gire a few definitions to render the 
subject clearer. 

In a wall of masonry, the term Jaee is usually applied to the front or 
ontside of the wall, and the term iaci to the inside ; the stone which forms 
the front, is termed the facing f that of the beck, the iaci-inj^ ; and the in- 



torior, Ihc filing. If llie froni, or back of the wall, ha? a nniform elopo 
from the lop to the bottom, IhU alopc is termed the lalUr. The term 
cpvrre is applied to each horizontal layer of stone in the wall: if the 
stones ol each layer are of e<joal thickness Ihronghont, it is tenacd 
rryufar ccvrthj; if the thickness is onc<inal, the term randm, or 
irrtjular ccMrtxnj, is applied. The tiitt are the inrfaecs which bound 
the stones in a direction tranirerse to both faces and beds. The joints 
betirccn the conries through which the principal pressures act are called 
l(d-‘jointt: the joints transTcrse both to beds and face arc termed tide- 
jolntt, or often simply Joints. The surfaces of the stones of each course 
parallel to the layers are termed the ltdi or Imldt. The arrangement of 
the different stones of each conrsc or of contignous conrscs, is termed 
the lend. 

300, Tlie strength of a ma?s of ent stone masonry will depend on 
the size of the blocks in each coarse, on the aecnracy of the dressing, and 
on the bond nsed. 

Ashlar.— The size of the blocks raries with the kind of stone, and the 
nitore of the ^narry. From some quarries the stone may be obtained of 
any required dimensions ; others, owing to some peculiarity in the forma- 
tion of the stone, only furnish blocks of smsil size. Again, the strength 
of some stones is so great as to admit of their being nsed in blocks of any 
size, witbont danger to tbo stability of the stnetnre, arising from their 
breaking; others can only be used with safety, when the length, breadth, 
and thickness of the block bear certain relations to each other. No fixed 
rule can be laid down On this point ; (bat usually followed by builders, is to 
make, with ordinary stone, the breadth at least equal to the thickness, and 
seldom greater than twice this dimension, and to limit the length to with- 
in three times the thickness. When the breadth or the length is consider- 
able, in comparison with the thickness, there is danger that the block may 
bicak, if any unequal settling, or unequal pressure, should lake place. As 
to the absolute dimensions, the thickness is generally not less than ono 
foot, nor greater than two ; stones of tliis thickness, with the rclatire di- 
mensions just laid down, will weigh from 1,000 to 8,000 pounds, allow- 
ing, on an average, ICO ponnds to the cubic foot. With these dimensions, 
therefore, the weight of each block will require a very considerable power, 
both of machinery and men, to set it on its bed. 

307. Block-in-course. — When the stones arc smaller, the depth of 
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the courses being from 7 to 9 inches, each masonry of uniform, ham i-. 
dressed, blocks is termed hloch-in-cwrse masonry. \ 

308. Cojjfny.-— For the coping and top courses of a U’all, the same ob- 
jections do not apply to excess in length ; but this excess may, on tlio 
contrary, prove favorable ; because the number of top joints being thus 
diminished, the mass beneath the coping will bo better protected, being ex- 
posed only at the joints, which cannot bo made water-tight, owing to tho 
mortar being crushed by tho expansion of tho blocks in warm weather, and, 
when they contract, being washed out by the rain. 

309. Tho closeness with which the blocks dt is solely dependent on tho 
accuracy with which the surfaces in contact, nro wrought or dressed} if 
this part of the work is done in a slovenly manner, the mass will not only 
present open joints from any inequality in tho settling; but, from tho 
courses not fitting accurately on their beds, the blocks will be hablo to 
crack from the unequal pressure on the diflerent points of the block. 

Tho surfaces of one set of joints should, as a prime condition, be perpen- 
dicular to tho direction of tho pressure; by this arrangement, there will bo 
DO tendency in any of tho blocks to slip. In a vertical wall, for example, 
tho pressure being downward, tho surfaces of one set of joints, which are 
tho ltds, must be horizontal. Tho surfaces of tho other set must be per- 
pendicular to these, and, at tho samo time, perpendicular to tho face, or to 
tho hack of tho wall, according to tho position of tho stones in tbo mass. 
Two essential points will thus bo attained ; the angles of the blocks, at the 
top and bottom of tho course, and at the face or back, will bo right angles, 
and tho block will tlicreforc be as strong ns tho nature of tho stono will 
admit. Tlio principles bcrc applied to a vertical wall, are applicablo in 
all cases, whatever may be tbo direction of (ho pressure and tbo form of 
tho exterior surfaces, whether plane or curved. 

"Workmen, unless narrowly iratchcd, seldom take the pains ncco'is.iry 
to dress tho beds and joints accurately; on tbo contrary, to obtain wliat 
arc termed close joints, tbey dress tbe joints with accuracy a few inches 
only from tho outward surface, ami then chip away the stone towards tho 
lack, or tail, so that, when the block is set, it will Ic in contact with tho 
adjacent stones, only throughout this s'cry small extent of bearing surface. 
Tim practice is objectionable under every point of siew; fur, in the first 
place, it gives an extent of hearing surface, vihich, being generally inade- 
quate to resist the pressure thrown on it, causes the block to fplinlcr off at 
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Ibc joint} nnd in tLo focond place to giro the block its proper Bet, it has 
to bo propped beneath by email bits of stone, or wooden wedges, an op- 
eration termed pinning-vp, or vnder-pinning, and these props, causing the 
pressure on the block to be thrown on a few points of the lower snifj cc, 
instead of being equally diiTused orer it, expose the stone to crack. 

"When the facing is of cut stone, and backing of nibble, tlio method of 
thinning off the block may be allowed for the purpose of forming a better 
bond between the rubble and ashlar; but, eren in this case, the block 
should be dressed true on each joint, to at least one foot back from the 
face. If there exists any cansc, nhich would giie a tendency to an out- 
ward thrust from the back, then, instead of thinning off all the blocks 
towards the tail, it will be preferable to leave the tails of some thicker than 
the parts which are dressed. 

310. ilonrf,— Various methods are used by builders for the bond of cut 
stone. Tlie system, termed headers and stretchers, in which the Tcrtical 
joints of the blocks of each course allemato with the vertical joints of the 
courses above and below it, or as it is termed Ireah joint with them, is 
the most simple, and offers in most cases, alt requisite solidity. In this 
system, the blocks of each course arc laid alternately with their greatest 
and least dimensions to the face of the wall : these which present the long- 
est dimension along the face, are termed stretchers ; the others, headers. 
If the header reaches from the face to the back of the wall, it is termed a 
through ; if it only reaches part of the distance, it is termed a binder. The 
vertical joints of one course ore cither just over the middle of the blocks 
of the next course below, or else, at least four inches on one side or 
the other of the vertical joints of that course ; and the headers of one 
course rest as nearly as practicable on the middle of the stretchers of the 
course beneath. If the backing is of rubble, and the facing of cut etonc, 
a system of througlis or binders, eimilar to what has just been explained, 
must invariably be used. 

By the arrangement here described, the facing and backing of each 
coarse arc well connected; and, if any unequal Bcttling takes place, the 
vertical joints cannot open, as would be the case were they iu a continued 
line from the top to the bottom of the mass ; as each block of one course 
confines the ends of the two blocks on which it rests in the course beneath. 

Quoins or comer stones, which should be of large eize and chosen with 
especial care, arc at once headers and stretchers ; each quoin being a header 
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rclatiTclj to ono of tho t^o faces of the bnildin^: which it coanccts, end a 
stretcher relatively to the other. , 

311. Cramps and DoxceU .- — In masses of cut stone c.xposctl to violent 
sheets, as those of which light-houses, and sea-walls in very exposed posi- 
tions arc formed, the blocks of each coarse require to be not only very 
firmly united with each other, hut also with the courses above and below 
them. To eficct this, various means have been used. Tho beds of ono 
course arc sometimes arranged with projections which fit into correspond- 
ing indentations of tho nest course. Copper Cramps in tho form of tho 
letter S, or in any other shape that will answer the purpose of giving them 
a firm hold on the blocks, are let in to the top of two blocks of the same 
course at a vertical joint, and are firmly set with melted lead, or with bolts, 
so as to confino tho two blocks together. Holes arc, in some cases, drilled 
through several courses, and tho blocks of these courses ore connected by 
strong bolts fitted to the boles. 

Stones ore said to bo joggled together when o projection is worked out 
on one stone to fit into a corresponding holo or groove in the other (tee 
figare). But this occosioos great labor and waste of stone, 
^ and dotetljoggles are chiefly made use of, which are hard 
pieces of stone, ent to the required size, and let into cor- 
responding mortices in tho two stones to bo joined together. 

Dowels are pins of wood or metal used to secure the joints of stone-work 
in exposed sitnations, ns copings, pinnacles, do. Tho best material is 
copper; but the expenso of this metal causes it to bo seldom used. If 
iron bo made cso of, it should bo thoroughly tinned to prevent o.xlda- 
tioD, or it will, sooner or later, burst and split the work it is intended to 
protect. 

Powcls arc often secured in their places with lead poured in from above, 
through a small channel cat in tho side of tho joint for that pnrposo; 
but a good workman will eschew lead, which too often finds its way into 
bad work, and will prefer tnisting to very close and workmanlike joints, 
carcfnlly fitted dowels, and fine mortar; dowels should bo made (apering 
at ono end, which ensures a better fit, and renders the setting of the stone 
more easy for the workman. 

. Iron cramps arc used as fastenings on the (ops of copings, and in 
similar situations ; but they are not to be recommended, ns they aro very 
nnsighlly, and, if they once become exposed to the action of the ntmos- 
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phcre, arc powerfully dcstrncliTO agents. Cast-iron is, howeTer, less 
objectionable than wroiiglit-iron for this purpose. 

312. Dressing Stone . — The manner of dressing stone belongs to the 
stone-cutter’s art, but the engineer shonld not be inattentive cither to the 
accuracy with which the dressing is performed, or the means employed to 
effect it. Tlie tools chiefly used by the workman are the chisel, axe, and 
hammer for ytno/tuij. The nsnal manner of dressing a surface, is to cut 
draxiglits arolmd and across the alone with the chisel, and then to use the 
chisel, the axe with a serrated edge, or the knotting hammer, to work 
down the intermediate portions into the same surface with the draughts. 
In performing this last operation, the chisel and axe should alone be used 
for soft stones, as the grooves on the surface of the hammer arc liable to 
become choked by a soft material, and the stone may in consetiuence be 
materially injured by the repeated blows of the workman. In hard stones 
this need not he apprehended. 

The finely grained stones are usually brought to a smooth face, and 
robbed with sand to produce a perfectly even surface. 

In working soft stones, the surface is brought to o smooth face with 
the drag, which is a plate of steel, indented on the edge like the teeth 
of a saw, to take off the marks of the tools employed in shaping it. 

The harder and more coarsely grained stones are generally tooled, that 
is, the marks of the chisel are left on their face. If the furrows left by 
the chisel are disposed in regular order, the work is said to ho fair-tooled, 
but if otherwise, it may be fandom~tooled, or chiselled, or boasted, or point- 
ed. If the stones project beyond the joints, the work is said to be 
rusticated. 

Granite and gritstone are chiefly worked with the scabbling hammer. 
In massive erections, where the stones are large, and a bold effect is 
reijuired, the fronts of the blocks are left quite rough, as they come out 
of the quarry, and the work is then said to be quarry pitched. 

It what manner soorer the faces of ashlar stones are dressef*, or even 
should they be “ quarry-faced,” there ought to be a chisel-draught round 
the edges of the face, fonuing sharp and straight edges with the chisel- 
draught of the beds and joints, in order that the stone may be accurately 
set. 

313. Scaffolding.’^Tho Scaffolding used for stone-work is similar to 
that described in the next Cliaptcr for briii-wotk, except that it is double, 
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relatirelf to one of the tm faces of the hoiWing which it connects, nnd a 
gtretchcr relatlrelj to the other. , 

3H. Cramps and Dotcels . — -In masses of cut stone exposed to violent 
shoots, as those of which light-houses, and sea-walls in very exposed posi- 
tions are formed, the blocks of each course require to bo not only very 
firmly united with each other, hut also with the courses above and below 
them. To effect this, various means have been used. The beds of one 
course are sometimes arranged with projections which fit into correspond- 
ing indentations of the next course. Copper Cramps in the form of tlio 
letter S, or in any other shape that will answer the purpose of giving them 
a firm hold on the blocks, are let in to the top of two blocks of the same 
course at a vertical joint, and are firmly set with melted lead, or with bolts, 
Eo as to confine the two blocks together. Holes are, in some cases, drilled 
through several courses, and the blocks of these courses arc connected by 
strong bolts fitted to the holes. 

Stones ace said to be joggled together when o projection is worked out 
on one stone to fit into a corresponding hole or groove in the other {its 
figure). But this occasions great labor and waste of stone, 

' ^ and doioel’joggles ore chiefly made use of, which are hard 

pieces of stone, cut to the required size, and let into cor- 
responding mortices in the two etones to be joined together. 

Cowls are pins of wood or metal used to secure the joints of stone-work 
in exposed situations, as copings, pinnacles, &c. The best material is 
copper; but the expense of this metal causes it to bo seldom used. If 
iron be made use of, it should be thoroughly tinned to prevent oxida- 
tion, or it will, sooner or later, burst and split the work it is intended to 
protect. 

Bowels arc often secured in their places with lead poured in from above, 
through a small channel cut in Iho side of fho Joint for that purpose; 
hut a good workman will eschew lead, which too often finds its way into 
had work, and will prefer trusting to very close and workmanlike joints, 
carefully fitted dowels, and fine mortar; dowels sbould bo made tapering 
at one end, which ensnres a better fit, and renders the setting of the stone 
more easy for the workman. 

. Iron cramps aro used as fastening on the tops of copings, and in 
similar situations; hut ihey are not to bo recommended, as they aro very 
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pbcrp, arc poTvcrfally ckstrocliro agents. Cast-iron is, however, less 
ohjcclionalilc than wronglit-iron for thia purpose. 

312, Drasxng Slone.— -Thti manner of dressing stone belongs to the 
stonc-cntler's art, bnt the engineer slioold not be inattentive cither to the 
accuracy with which the dre-vsing is performed, or the means employed to 
effect it. Tlie tools chiefly osed by the workman arc the chisel, axe, and 
hammer for knoliinQ. The osnal manner of dressing a snrfnce, is to ent 
draughts aroiind and across the atone with the chisel, and then to use the 
chisel, the axe with a serrated edge, or the knotting hammer, to work 
down the intermediate portions into the same surface with the draughts. 
In performing this last operation, the chisel and axe should alone be nsed 
for soft stones, as tbe grooves on the surface of the hammer ore liable to 
become choked by a soft material, and the stone may in consequence be 
materially injured by the repeated blows of the workman. In hard stones 
this need not be apprehended. 

The finely grained stones are usoally brought to a smooth face, and 
mhbed with sand to prodneo a perfectly even surface. 

In woiking soft stones, the surface is brought to a smooth fate with 
the (fray, which is a plate of steel, indented on tbe edge like the teeth 
of a saw, to take off tbe marks of tbe tools employed in shaping it. 

The harder and more coarsely grained stones are generally tooled^ that 
is, the marks of the chisel are left on their face. If the furrows left by 
the chisel are disposed in regular order, tbe work is said to fair-tooled, 
but if otherwise, it may be random-tooled, or chiselled, or boasted, or poi’nf- 
ed. If the stones project beyond tbe joints, the work is said to be 
rvsticated. 

Granite and gritstone are chiefly worked with the seabbling hammer. 
In massive erections, where the stones are large, and a bold effect is 
reqnired, tbe fronts of the blocks are left quite rough, os they come out 
of the quarry, and the work is then said to be quarry pitched. 

It what manner soever the faces of ashlar stones are dressed, or even 
shoold they be “ quarry-faced,” there ought to be a chisel-draught round 
the edges of the face, forming sharp and straight edges with the chisel- 
draught of the beds and joints, in order that the stone may be accurately 
set. 

313. Scaffolding . — The Scaffolding used for stone-work is similar to 
that described in tbe next Chapter for brick-work, except that it is double, 
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tlifit is fonnctl y-jJIj iiro rpws of standanis foas to t’o totally inilependent 
of the wn]l<i for snpjiort. Tbe construction of PcitToldswith roiiiul poles 
Invlietl Mjllj cnnl*', ))ns lately been swper'Ctlcd i» large works by a system of 
Fcaffoltliiig of ffjnnro timbers connected by bolls nml dog-irons. 

‘i’he lioi-t»ng of llie i«.nteria)s is pcrfonHcd from tlie«o fcafTobls by 
means of n travelling erane, wliieh oonMsts of a double iMVcllIng car- 
riage. tlio }o>riT one miming on a tramway firmed on stout fills laid on 
the top of two parallel r<nTs of -tandaols ; on tbis lower carrisge, is 
jtlaciil n !«bort tMiuvrny, laid Iransrer-'cly to the direction of tbe rows 
of frt.su'birds ; n fuinller earnage ngnin runs on tbe-se rails n«d carries 
a crali-wincli by ubi- b the »»at< ri.aK are raided; by Ibc combined motion 
of the two earnacos, the lower im.vmg tthiuj the line of st.ind.srds and the 
upper r7rro»» it, tlie materia! e.an bn-ught « ith gri’ftt ca«o and precision 
DMw any p.art <>( the wi-ik linur b« tH»< ii the t»i> rows of standard*. 

3M. ■< — '*■»!- af-‘i>. lit b.v 1 1 .) b'li' 1 net .-mit i»l the operations and 

proeei'diiik's ‘h'rlng iIm binbhiii: «'f the 1 d>Us(one l.ight-house, de<rri!icsft 
most oseellout form of ^h^*ars, that is simple and ndmiratily pniled to the 
mot ing anil placing of henry ‘tones on wallf, or other buildings. It con- 
fjsfs of a lir.ivy Mock of tiinlicr ft, am! two fpars i, i, disposed tn the form 
shown below ; the bottom piece A is square, and may bo from 12 to If* foot 
long, atid shoul ! I'C found and bard. The shears condst of the two spars 
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bottom piece, A, by two very strong iron eyes or links, loose cnongb to per- 
mit motion, while their upper ends meet, and are connected by the strong 
iron pin k, which passes through both of them, and aUo serves to support 
the top hook of the blocks and fall I, the running rope of which passes 
downwards from the upper block, and takes a course close to one of tbo 
poles, and is passed through the snatch block m, fixed to the bottom piece 
h, and to this rope the workmen apply their strength immediately, or 
through tbo agency of a crab, or windlass, according to the force to be 
overcome. The central point of the horizontal piece h, is marked on its 
top, at tho point to which tho bottom block would descend, when the 
piece is set truly level. 

To use this apparatus, the bottom or foundation piece h is set tmly 
level upon hard ground, or is supported on piles or timber skids, if 
the ground is not hard enough to sustain tho load ; and the spars aro 
retained in their vertical or other required position, by two sets of run- 
ning blocks and falls, pulling in opposite directions, and at right angles to 
the direction of tho length of the foundation piece /i, as may he better seen 
in the perspective view of the same macUino as fixed for use. The upper 
ends of tho guy tackle are attached to tho tops of the spars, and their 
lower ends to strong posts fixed m the ground, or to stumps of trees, parts 
of buildings, or anything that will afford slalilny. Then by lowering out 
tho fall fl, and tightening tliat at o, tho shears may he made to inclino or 
bend over, as shown in the figure, until the bottom block p hangs directly 
over a stone, r, that has to be lifted, and thus this stone may bo taken off 
the ground, and raised to any required height, by the principal blocks and 
fall, p 1. That done, the guy fall o is slacked while n is tightened, so that 
the shears arc first brought into a vertical position, and afterwards allowed 
to turn over or incline to the other side, as shown by the dotted lines y y, 
when the sustaining force will be trauiferreJ to the guy f*U o, anj n will 
become useless ; and in this way a stune may be brought from the gronad 
upon which it was worked, directly over the place, t, in the wall m which it 
has to bo deposited, without disengaging it at all from the block by which 
it was first lifted, and without hand-barrows, or any trouble wLaU\ er. 

To insure the delivery of the stone into its jircpcr place by this machine, 
a line must l>c strained from iLc centre of the stone to L« moteJ, to a j-oint 
perpendicularly under the centre of the j l«cc in which iLe stone Lav to U 
placed, and the fousdatica piece, of the shears mtst U cotci until its 
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central mailred point, i, falls undertbe line, while the length of the piece is 
at right angles to it ; the foundation piece must then he fixed in this posi- 
tion by driring short stakes round it into the ground, and then the njiper 
end of the shears in moving, will describe an arc of a circle v v, the plane of 
which will pass through the centre of the stone, and the centre of the bed 
or position in which it is to be placed. 

316. i)firrtcA,— -The movable derrick crane is also much used in set- 
ting masons’ work. It consists of a vortical post, supported by two timber 
backstays, and a long movable jib or derrick binged against the post 
below the gearing. 

By means of a chain passing from a barrel over a pnllcy at the top of 
the post, the derrick can bo raised from a horizontal to an almost vertical 
position, thus enabling it to command every part of the area of a circle of 
a radius nearly equal to the length of the derricU. This gives it a great 
advantage over the old gibbet crane, wbicb only commands a circle of a 
fixed radius, and the use of which entails great loss of time from its con- 
stantly requiring to be shifted as the work proceeds. 

316. In the American derrick represented in the figure, the mast Is 
supported In a vertical position by four guys attached to a ring on a cast- 
iron cap on its head. Below this ring, and revolving freely upon the cap, 
is a wrougbt-iron frame containing two sheaves of cast-iron. The lower 
part of the mast is rounded above a shoulder. A revolving frame of wood, 



embracing tbe mast and carrying two ropc-barrcls with gearing and 
winches, reals upon the sbouUer. Xhe boom is stepped iulo the upper 
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rnrtof lilts frame, nnil nliglitplalfonn for the svinch-mcn is ecenred to the 
lower part, so tliat boom, platform, nnd winebes, all revolve togetlicr roiinil 
the pinst. Booms 50 feet in length are conmionlf used ; the outer end is 
snpporteJ by a topping-lift scenred fo the revolting iron frame on the cap 
ot the head of the mast. 

Two tackles are used, one suspended at the outer end of the boom, tlio 
other to the frame at the mast-head. Both falls lead over the sheaves at 
the mast head, and thence to the winch-barrels. Tlie lower blocks of the 
tackles arc attached to two comers of a triangular plate, tlie third carrying 
a hook, as seen in the figure. It will be rrident, that by lianling upon or 
slacking the falls alternately, the stone sw«pciidcd from both can be placed 
directly at the foot of the mast or under any point of the boom ; and as 
the latter revolves, any point within a circle whose radius equals the boom 
can be reached. 

Tlie foot of the mast is usually raised upon a blocking of timber, some 
slight braces sufficing to prevent the step from sliding. Three 50 feet 
looms placed so that their circles Intersect, will place every stone in a large 
building, or a 8ea-w.all 500 feet long, A nord or sign to tlie uinch-mcn 
Ecrrca to direct them, and the stone moves to its place with the utmost 
precision, and as gently and quietly as a feather. 

An American detrkk was used to lay the O-ton concrete blocks for 
the coffer-dam at the Light-house on the “ Prongs" (Bombay). The 
platform w'.a3 made to rest on cannon balls, which allowed it to revolve 
easily, Slast about 70 feet high, jib about 45 feet. 

In long sea walla, an excellent means of laying tbe stones of the cishlar 
facing is to hare o hollow truck running on roils, with a frame over 
it from which the stone is lowered between the rails by a Westoa 
block. 

317. LeicU . — In hoisting blocks of stone they are attached to the 
tackle by means of n simple contrivance made 
of iron, and called a leicxs, which is shown in 
the annexed figure. 

A hole tapering upwards, about 3 inches 
deep having been cut in the upper surface 
of the stone to bo raised, the two tapering 
side pieces, a, a, of the lewis are inserted, 
and placed agmnst the sides of the hole ; the 
\OL, I. — TllinO EDIIIOS. y 2d 
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Centro parallel piece, is then inserted, and scenred in its place by a 
pin, p, pasangthroTig^h all three pieces, and 
tliB ends of a loop, /, which embraces their 
heads. The stone may be then safely hohted 
by the loop I, as it is impossible for the lewis 
to draw out of the hole. Uy means of fho 
lewis, in a slightly altered form, as shown in 
figure, stones can bo lowered and set under 
water without difficnlty, and the lewis disengaged by means of a lino 
attached to the parallel piece b the remoral of which allows the other to 
be drawn out of the mortice. The ncAt 
fignre shows a substitute for a lewis, con- 
sisting of two pins let into holes which 
(hey closely fit, sloping towards each 
other. When a strain is applied to the 
lifting chain, these pieces jam in thoir 
places and support the weight of the 
stone. 

When a blocJ: of cut stone is to be 
laid, the first point to be attended to, is to c:<aminc the dressing, which 
is done by placing tho block on its bed, and seeing that the joints fit clo«e, 
and the face is in its proper plane. If it be found that the fit is not acen- 
ratc, the inaccuracies arc marked, and the reqoisito changes made. TIio 
bed of tho course, on wbicli the block is to bo laid, is then thoronghly 
clc.anscd from dost, Ac., and well moistened ; a bed of thin mortar is laid 
evenly over it, .and the block, the lower surface of which is first cleansed 
and moistened, is laid on the raort.ir-bcd and well settled, by striking it 
with a wooden mallet. When (he block is laid against another of tho 
same course, the joint between them is prepared with mortar in the sanio 
manner as the bed. 

318. Coursed Rubble Masonry consists of a series of horizontal 
courses, not less than G inches thick, each of which is correctly levelled 
before another is built upon it; but the side-joints aro not necessarily 
vertical. Ont~foxirth pari at least of the face in each course should con- 
sist of bond-stones or headers; each header to bo of the entire depth of 
tho course, of a breadth ranging from times to double that dppth, and 
of a length extending inl^ the bnilding to from 8 to 5 times that depth, 
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n« in ftOiUr. Tli*'''' Jici-lrix flionM lie ronplilj” fqmre'l witli llie linmnicr, 
ftinl their I'CiN Iinninirr-iln»*cJ to upprpximat/* J>!anc« ; nml care rhoiihl 
It taVrn tiol (o |'Ucc llie lira<lcix ©f Biiccc**ire cotir<c^ nhorc each other; 
for tint ftrrangement wonld catj*c a dcfidciiry of l-ond In the intertnediate 
j'arta of the conr«e. 

Care fhonhl l>o taken, not onljr that cteli elone rhall rc«t on its natural 
l•e<1, hnt that the ridea |^ara!Icl to that nataral iTtl ehall l-c the largest, 
»o that the ftone iiiaj he flat, and not l*c eel on eilgc or on end. lloff- 
eocTcT and irregnlar tl;c flonea way W, care fhonhl he taken to 

Make the conr*r8 break joint. HoDoitk l-etnoen the larger etonca fliotild 
he carefully filled willi smaller atones, coi»ldet«ly imbedded in mortar. 

C«5ur<e«I rnhhlc mntnnry rc>tujre< great care in the inspection of ila 
progrc««, to fee that the preceshng nile< are ohserred: and especially, 
that the interior of the uall contain: neither empty hollows, nor sj'accs 
filled wholly with the mortar or with nit'hisli where piece: of (tone onghl 
to l*e inserted, and that each stone i: laid flat, and on iti natural led. 
Care mu*t l>e taken that the headers of l*ond*stone: arc really what 
they profes: to he, and not thm »tor.e« set on ed.:e at the face of the wall. 

319. Common Ikubblc Masonry diflvr' from coursed nilhlc In 
not l*emg Luilt in coumci; hut in other ro»^>ect^ llic same rules arc to 
he ol'JCfTcd. Tlie resistance of common mlldc to cnishmg Is not much 
greater than that of the mortar which it contains , it is, therefore, not to 
he nsed where strength is required, unless huilt with strong hydraulic 
mortar. Its chief use in engineering is for fenca walls.* 

To connect the parts well together, and to strengthen the weak points, 
throughs or hinders should be u«ed in all the courses; and the angles 
(or giiotns) should be constructed of cut or hammered stone. 

320. ■ The following h the specification fur the Ashlar Stonc-worl: 
used on the .Juhhulporc IJranch of the E I. Ilailw.ay, and will be found 
n good guide for similar work elsewhere. — 

Will be o{ tno klo'Ii — 1st, bmi>i)ih-faee<l or tooled a«hlar , and 2nil,rair 
broacLed and Ilock-faecd a<)ilar, with or willioot a ehi«el draft round the ed^cs ' tbo 
rock-faciD" wbcrc U5cd, not to project more than 2 inches beyond the face of the 
ehbcl draft or ams. 

It is proposed to nsc but a limited propkirtion of this class of work, which will bo 
principally confined to imposts, bed plates for ijirdets, springers, g‘ring courses and 
copings, and occasionally In quoins and walling, and large arclic*, bnt power is resen-* 
cd to use it wliercier it may be deemed m-ccssai}. 

* Su rars. <tO fur remarks on comawn nbUe aiswary u umU fur ktaaiarj Daau. 
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Thlc\net$ (if AiJilar Counts, ani general arrangement, — ^ITo coorc of asWarto 
be less than 8 inches thick. Oae-Uitrclof the entire len-rCh of each course to behcacT- 
era. ITo stone to be less than S feet Ioi^» and when the thieJ-ucss of the course does 
not exceed 10 inches, the stones most not be less than 15 inches on the bed, '\Therc 
the thickness of the ashlar courses extxed* 10 incljc'!, the breadth of the beds wtH not 
be less than a third more than the thickness of the course. 

No header to be of less length than 18 inches in excess of the breadth of the course 
of ashlar to which it belongs. In walls np to3 feet thick, all headers to be through 
stones. The beds and joints of all ashlar stones to be dressed perfectly tme, square 
and full. No hollow beds will be Allowed. 

The vertical joints in all cases to be dressed true and square foe at least two-thirds 
of tlic breadths of the beds in from the face of the woik. 

No joint to exceed three-sixtccnths of an inch in thickness. 

The courses to be arranged with as much anifonnitr nrpossiWe, and laid pcrfectlj^ 
horizontal, the lighter courses being kept towards the top of the structure. 

The vertical joints of each course not to hare lc8*« than G inches lop over the joints 
of the course ne.xt below. The work to bcihorooghlj well grouted after every course. 

Ashlar in Ceptags —The coping stone will as a rule bedowcJlcd, but theJEngineer 
may dispense v>ith this svaicin in such cases os he may deem c'fpedient 

No stones in the ashlar copings to be less than 2 feet G inches long, and (he ex- 
posed surfaces to be dressed to a snvootli face. 

Large Hough Stone lilocAs. — It may be necessary to use one or more courses of 
rough stone Hocks m the foumlations of bridges *, such blocks to be only quarry sc.ib- 
bled, and none less than 8 inches thick, or less than 8 square feet in area. These 
blocks to be measured half AS ashlar, half as rabble : they arc to belaid in mortar, 
and great care is to be taken tliat they rest evenly on their beds. 


321. Tlio following is a v<5ry good specification for Stone Mafonry, 
drawn up by Mr. C. Campbell, C. E , when Superintending Engineer in tlio 
Central Provinces, for «so in tlic Jnbbnlpore Circle 


Aa much confusion is can<cd by engineers aud stone masons olLacbing widely 
dincrent meanings to such words as “rubble,” “ Wock-in-coursc,” fvC., the use of S'wh 
terms will be discontinued, and the stone work in the Jnbulpar Circle will aliiAys l>o 
specified under one of three heads, \» , ordinary eC«ne work, coursed stone work, and 
dressed afoue. 

Oritinanj stone No stone will be less than 5 inches thick, nor will it contain 

less than three-eighths of a cubic foot The largest stones will bo selected for tho 
face ; they wilt be set flash in nwrtor, headers end stretchers alternately, the fonncr 
projecting at Icivst 5 inches heyom! the latter. Kvery sixth hcatlcr in ’'P 
feet thickness will be a throngh stone, and fn wails beyond that thickness wi e 
2J feet long. TIic Interior will be tilled in with gfxxl atones set as eJo'O as 
well flushed in mortar, the interstices being closely packed with Sound spalls. lo 
work will bo brought to a level bed every 18 inches, grouted and mule perfectly 
solid, 

A layer of flat stone*, extending the wholo breadth of the wnlJ, will lic laid nt In- 
lerraliof C frit in height, and sj'cciall/at (he floor Hue nud under fill pirdcrtftad 
ruof trasocs. 
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322. TVitji good bricks and mortar, this kind of masonry is quite as 
durable, if not so strong, as ordinary stoneivork, Trliilc it is generally more 
economical. In natirc stmcturcs built with small bricks and a profuse 
expenditure of the best mort.ar, tbc strength of brick masonry is gene- 
rally quite independent of tbc bond, but ssith the larger bricks now in 
general use, the bond should rcceitc as much attention as in stone ma- 
sonry. 

Bond. — The great art in brickhajmg is to preserve and maintain n bond, 
to bare every course poifcctly horizontal, both longitudiDallyond transverse- 
ly, and perfectly plumb; which last, however, may not mean iipriglit, though 
tliat is the general acceptation of the term, for the pltirab-rule may bo 
made to euit any inclination that it is wished the troll may bare, os intrard 
against a bank, for instance, or in a tapering lower; and also to make the 
vertical joints recur perpendicularly over each other. By loml in brick- 
work, is intended that arrangement which shall make the bricks of every 
course cover the Joints of those iq the course below it, and bo tend to 
make the uliole mass or combination of bricks act as much together, or 
dependcntly one xrpon oHolher, as possible. The object of this will be un- 
derstood by reference to Plate XLIV., Ftg. 1. Here it is evident, 
from the arrangement of the bricks, that any weight placed on a would 
he carried down and borne alike iu every course from h to c; in the Bamc 
manner the brick d is up borne by every brick in the line ef \ and so 
throughout the stroctnre. But this forms a longitudinal bond only, 
which cannot extend its influence beyond the width of the brick ; and a wall 
of one brick and a half or two bricks thick, built in this manner, would in 
cflccl, consist of three of four half-brick-thick walls, acting independent- 
ly of each other, as shown in the plan at i. 1C the bricks were turned 
60 as to show their short sides or ends la front, instead of their long ones, 
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Iiecausc, by ibo use of it, umformity of appearance is preserved, and u^liolo 
bricks are retained on tbc qnoins or angles. In iralls of almost all thick- 
nesses above nine inches, to preserve the transverse, and yet not destroy 
the longitudinal bond, it is frequently necessary to use half bricks j but 
it becomes a qxiestion vrhelLer moic is not lost in the general firmness 
and consistence of the u-all by that necessity, than is gained in the nni- 
forrnity of the bond. It may certainly be taken as a general rule, that 
a brick should never be cut if it cau be worked in whole, for a new joint is 
therchy created in a construction, the difficulty of which consists in obvia- 
ting the debility arising from the constant recurrence of joints. Great at- 
tention should be paid to this, especially in tlie quoins ofhnildings, in 
^7llich half bricks most readily occur; and there it is not only of conse- 
quence to have the greatest degree of consistence, but the quarter bricks 
used ns closers are already adiuiiled, and the weakness consequent on their 
admission would only be increased by the use of other batte, or fragments 
of bricks. 

324. The accompanying woodcuts show in fuller detail the rarions 
modes of arranging bricks in Eng- 
Itsli Bond, where one wall meets an- 
other at right angles. Fij. 1 shoffs the 
section of a superstructure wall, 1 
brick thick, carried on a foundation 
wall, JA bucks tliick. Fij- 2 shows 
tlic arraugeiiient of the lowest course 
in the superstructure: a half brick 
header on one side and a haff-hrick stretcher on the other side being used 
as closers to prevent the joints co-iucidiug with those of the course aborc. 


i'ly. I. 



F/ff. 2. 


1 

3 


1 1 , 


1 1 



In Ftj. 3, the second course of llie superstructure is ehowii, and the ar- 
rangement on each side is reversed. 

It will be ob^cru'd Hint in each stretcher course, the longitudinal joint 




Bbomi in Fi<j. 1. Here also liftlf and thrce*qDarler aro used as 
closers to break the continnitj of bo(b tho faorlzontal and verfieal joints. 
It Trill bo obserred that in cadioftbese couma cne-sixthot the bricks aro 
half bncks, thus enablmg the builder to utilize the broken bricks, a nuin« 
her of Trhich most be expected to occur in crery cart load brought to the 
trorks from the kilos. Three coatinnous longitudinal joints extend 
throoghoot each stretcher coarse. Another arrangement of the bricks in 
these same courses is ahowu in Figs. 8 and 9 : Tvbero the use of half bricks 



(except as closers at the courses) is entirely obriated. The number of 
joints is thereby diminisbed, and the srork consequently rendered some- 
what stronger, but tho opportunity of utilizing tho inevitable proportion 
of half bricks in the supply from kDns is lost. It will depend npon cir- 
VOL. I.— THIBD EDlTIOSr. 2 X 
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cumstancDS Tvliich arrangement tho builder will in ererj* particnlar case 
find most expedient to adopt. 

If the fonndaiioQs are 2 biidrs tbickf the saperstruetara 6ricts 
thick, the arrangement must bo modified. Across section of such a wall 


Fi^. 10 . 



is shown in 10: and for the saper- 
strncture the bond of each alternate 
course may he as in Ftpg. 6 and 7, or as 
in F/fs: 8 and 0, prerioosJy described. 

For the thicker foundation courses, 
the arrangement shown in Ff^s. 11 
and 12 may be adopted; where closers 


at the comer arc so placed as to preserve the bond and prevent the ver- 



ment each stretcher course has three continuous parallel longitudinal joints 
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ItroaghoQt its length: hnl there Is no conUnoons longitudinal joint in the 
header course. 

If the number of broken bricks is TCry small, and their use is objected 
to, the arrangement shoum in Figs. 13 and 14 can be adopted, where 
no half-bricks occur except at the comer of each course or closer. Here 
the continuous longitudinal joints arc reduced to two in the stretcher 
course but one such joint is introduced into the header course. The lat- 
ter arrangement, as hating fewer joints, is the strongest. The stretcher 
course Is not in fact a tme case of English boud, but includes a Flemish 
bond, one-brick, course between two centre face-line of stretchers. 

325. F.lemish bond . — This second mode of bonding brickwork, which 
may bo supposed to'hatc arisen from the appearance of th(^ends of a wall 
according to the former mode of arrangement {see e and Fig, 2, Tlate 
SLIY.), instead of piacing the bricks in alternate conrses of headers and 
stretchers, places headers and stretchers altcmalelj in the same course. Fig. 
S. The plans below this at c and d are of two courses of a fourteen inch 
wall, with their bond, ehowingiu what manner the joints are broken in the 
wall horizontally as well as vertically on its face. This is called Flemish 
bond. Closers arc used equally in English and Flemish bond, in the same 
manner, and for the same purpose; half bricks also will occur in both, but 
what has been said with reference to the use of them in the former, applies 
even with mote force to the latter, for they ate more frequent in Flemish 
than in English, and its transverse tie is thereby rendered less strong. 
Their occurrence is a disadvantage which crety care should be taken to 
obviate. The arrangement of the joints, however, in Flemish bond, pre- 
senting a neater appearance than that of English bond, it is generally 
preferred for external walls when their outer faces are not to be covered 
with plaster ; but English bond is preferred by some on the score of great- 
er strength due to a better transverse tie. Other deny this superior 
Tig. 15, strength no the part of English bond, object- 

ing to the continuity of the longitudinal joints 
in this system : aud claim for Flemish bond a 
more extended longitudinal bond, a matter of 
importance in distribnting the weight of any 
portion of a wall over a great length of base 
in unsonnd or unequal ground. It will be observed on referring to 
Plate XLIV., that in a wall of 7 courses, any one brick of the upper 
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course is Bupported id English bond by 7, but ia Flemish bond by 10, 
bricks. 

326. The following 6gures illtistrate the arrangement of bricks in the 
alternate courses of walls built in Flemish bond, and the mode of keeping 
the bond when one wall meets another at right angles by interchanging 
the course of header and stretcher. 

In the one-brick walls {Figs. 16, 17) it will ho seen that there are no 



continuous longitudinal joints in any course. In one and a half brick 
walls, {Figs. 18, 19) the whole bricks used cover only ^ths the surface of 
each course ; the half bricks being placed in the inside of the wall, where 
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of longUodInil bo:id (m which the FlcmUh bond excels) will be nneh 
ditninifhc^l. If howcTcr more flrclchm be n««l, there will be onmter- 
mpted morUr joints diriding the will iMrrpcndjcnl«rlj ind longitndlnallj, 
and roA an arrangcmcnl wonld be inadmi»«ablc. 

The above iketches and remarks will coable the reader to jilan nnaided 
the arrangements for propcrlj “bonding” walls of any thickness In either 
of the styles described. 

327. — TAin /at iwi, sneh as is ti«e.l for hooping barrels, forms on ex- 
cellent l>ood, and iii ro thin that it may l>e Inserted in the ordinary mortar 
joints witbont increasing their thickness. It should l« laid along the 
middle of the wall, or if tlie wall be thick, in two or mote parallel rows at 
CTcry 2 or 3 feet of its height, U nicked, at intervals, along the edges, 
it holds better. It is of coarse, of more nse in the fonndations and plinth 
of a bnilding than higher op, as settlements and nneqnal bearings take 
their origin in the lower part of a wall, except in cases of very bad work- 
manship. The cohesion which lakes place between iron and hydranlic 
mortar, whilst there is none between wood and mortar, renders the nse of 
iron, when the cost is not a bar to it, most desirable. 

328. Good workmen are well aware of the neecssiiy of oltcnding to 
the bond, and arc ready both to snggest and to rccciro and practice an 
improTcment; bat the generality of workmen aro both ignorant of Its 
importance and earclc&s in preserriog it, even according to the common 
modes. Their work ehoald, therefore, bo strictly sapciriscd os they pro- 
ceed with it, for many of the fallorcs which aro constantly occorring may 
be referred to their ignorance or carelessness in this parlicalar. 

329. Not second in importanco to bonding in brick-work is, that it bo 
perfectly plamb, or vertical, and that every coarse bo perfectly horizontal, 
or level, both longltadmally and transversely. Tbo lowest coarse in tho 
footings of a brick wall should be laid with tho slrictcst attention to this 
latter particular ; for the bricks being of equal thickness thronghont, tho 
slightest jrregolarity or incorrectness in that, will bo carried into all tho 
courses above it, and can only be rectified by using a greater or less quantity 
ofmortarinonepartoranotber, so that tho wall of course yields unequally 
to tho superincunibent weight, ns tho work goes on, to its great detriment. 

330. Bricklaying. — In the operation of JJricUaifing, the workman 
holds the trowel in his right hand, and with the left he takes up the bricks 
from tho scaffold, and lays them in Uidr places ; spooning or shovelling op 
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mortar from the board irith the trowel, he throws it on the coarse last laid, 
and with the point strews it orcr the surface to form a bed for tho brick 
which ho is about to set ; whatever bulges or projects over the outer edge 
of tho work below is struck off, and being caugh t on the flat face of tho trowel, 
is put against the side or edge of the iast brick laid in the new course. Then 
taking up a brick, he presses it down in its place until its upper and outer 
edge comes exactly to tho string previously stretched as a guide for that 
edgo of tho bricks of tho course ia hand ; and if this bo not readily effected 
hy the hand, a slight drawing below with the obtuse point of the edge of 
tho trowel does it, or a tap with the end of tho handle both draws it and 
settles it down farther than the hand can press it. The small quantity of 
mortar that is pressed out in front, by this operation, being struck off, tho 
joints are neatly drawn by compressing tho mortar with tho point of tho 
trowel, and thus producing a fiuo smooth surface,— that is, if tho work is 
to lo seen; but if it is to bo plastered, tho rough face is left that tho 
plastering may tho more readily attach itself, and the joint is not drawn at 
allj (ho workman proceeds in (ho same manner with (ho no.xt brick in 
adranco along the course, or to flil in behind tho ono he has laid in front 
to meet the work of his mate on tho other side of tho same wall. 

331. This is the common mode of bricks. Tiicy should not how-* 
ever be merely laidi every brick should bo rubbed and pressed down in such 
a manner os to force the slimy matter of tho mortar into the pores of (ho 
bricks, mid so produce absolute adhesion. Horcover it is essentially neces- 
sary, that every brick should bo soaked in water, before it is laid, other- 
wise it immediately absorbs (ho moisture of (ho mortar, and, its sur- 
face being covered with dry dost, and its pores full of air, no adhesion can 
take place; but if tlio brick bo damp, end (he mortar moist, its conipiitilious 
matter enters the pores of the brick, so that when tho water evaporates, tho 
nltachinent is complete. To wc( (lie bricks before they were carried on to 
tho scaffold would, by making them heavier, add materially to tho labor of 
carrying: in dry weather (hey would, moreover, become dry again before 
they could be use J ; and for the bricklayer to wet every brick himself would 
be an nnacccssarj waste of his (I'mc; boys are, therefore, advantageously 
employed to dip the bricks on the acaffold, and supply them in a damp state 
to the bricklayer’s hand, by who«o side, moreover, should bo a vessel with 
water, in which the brick should be allowed to soak before being u«e<h A 
watering pot with the fine rose to it should also Ic used lo moisten the 
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upper Burface of the last laid course of bricks^ preparatory to strewing the 
mortar over it.* In bricklaying with quick-setting cements these things 
are of even more importance ; indeed, tmlcss the bricks to be set with 
cement are quite wet, the cement will not attach itself to them at all. 
The upper surface of all unfinished masonry should at all times be kept well 
flooded with water. 

332. All the walls of a building that are to sustain the same floors 
and the same roof, should be carried on simultaneously ; under no circum- 
stances should more be done in one part than can be reached from the 
same scafibld, until all the walls are brought up to the same height ; and 
whenever from any cause one part of the wall is in advance of the rest, the 
ends of the part first built should be racked back, and not carried up ver- 
tically with merely the toothing necessary for the bond. 

333. Scaffolding. — In ordinary practice, bricklayers' scaffolds are 
carried up with the walls, and are made to rest on them. The walls having 
been built up as high as they can be convenienily from the ground, a row 
of poles is planted, which vary in height from thirty to forty and even 
fifty feet, parallel to and at a distance of about four feet six inches from 
the walls, and from twelve to fourteen feet apart. To these, which are 
called, standards, arc attached, horizontally, by means of ropes, other poles 

^ -called Udgtrs, with their upper surface on a level with the highest course 
of the wall yet laid ; on the ledgers and wall, short transverse poles called 
putlogs or putlocls are laid os joists to carry the floor of scaffold boards. 
These putlocks arc placed about six or seven feet apart, according to the 
length and strength of the scaffold boards; and the ends which rest ontho 
walls arc carefully laid on the middle of a stretcher, so as to occupy the 
place of a header brick, which is inserted when the scaffolds arc struck, 
after the work is finished. Indian masons very frequently build the pot- 
locks in, instead of leaving out a brick for their insertion, and in taking 
them oat, when done with, necessarily injace the wall. On the floor of the 
scaffold thus formed, the bricklayer stands, and the materials are brought 
to him by laborers, in hods, from the ground below, or they arc hoisted up 
in baskets and buckets by means of a pulley wheel and rope. The mortar 
is placed on Icdged boards of abont three feet square, placed at coovenient 
distances along the scaffold: and the bricks are strewn on the scaffold 
between the .mortar boards, leaving a clear way against the wall for the 

• -TbeordlsuTfateUtistoforthlilnliidiaisannaUnAhnwveTeaacl wlUifttpoQt toU.eaUol 
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workmen to moro along nnobstrnctedly. The workman then recommences 
the operation of brickUj^ng, he^nning at the estremo left of lug coorso, 
and odrancing to the right nnlil he reaches the angle or quoin in that 
direction, or the place where his fellow-workman on the same side may 
hare begun. 

Thas he goes on with course after course, nntil the wall is as high 
ns he can conveniently reach from that scaffold, when another ledger is 
tied to the poles, another row of putlocks laid, and the boards arc removed 
up to the new level. The ledgers and most of the pullocks, however, 
remain to give steadiness to the temporary stmetnre; and so on to the full 
height of the wall, piecing out the poles by additional iengths as may be 
required. If a scaffold be very much exposed, and ran to a great height 
it mast be bweed. This is done by tying poles diagonally across, on tho 
ontsidcof the standards and ledgers, and it may be further secured by tjdng 
tho ends of some of the putlocks to the ledgers : but on ontside scaffold 
should never be attached in any way to the building about which it stands. 

A scaffold should never bo loaded heavily, as well on account of tho 
work, as of tho scaffold itself; for tbo pollocks resting, as they do, on 
single bricks, in a green wall, exert an iojurious infloonco on it, which 
every additional pound weight on tho scaffold must necessarily increase. 
A constant and steady supply of bricks and mortar on tho part of tho 
laborers, witfiontoverloading the scaffold at any one time, should ho strictly 
enforced. It would indeed bo an advantage if every scaffold were mado 
with a double row of poles and ledgers, ono being on tho inside within a 
few inches of the wall, os is iJie practice in Stonework. Tliis would 
obviate the necessity of resting the pullodcs on tho walls, and doawnywith 
pollock holes ; but the inner row of poles would bo constantly in the way 
of tho bricklayer, who could nol^cilbcr set the bricks or draw the joints so 
well as if ho were unobstructed. 

Access is given to scaffolds by ladders, or by inclined planes, made 
roogbly with bamboos or other materia] at hand. 

334. Precautioa against settling.— Ono of tho most diffcalt and 
important problems in tho construction of masonry, is that of pTcvcnting 
unequal settling in parts which require to bo connected, bnl which snslam 
uncqnal weights ; and tho consequent ruptures in the masses arising from 
Uiii cause. To obviate this difficolly rcqaircs on the part of the Engineer 
no email degree of practical Uct. Several precantions must bo taken to 
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diminisli as far as practicable tbc danger from unequal Betting. Walls 
fiustaining heavy vertical pressures sboold be built up uniformly, and nith 
great attention to the bond and correct fitting of the courses. The 
materials should be uniform in quality and size; and hydraulic mortar 
tborougbly ground should alone bo used; as a further precaution, when 
practicable, a trial weight may be laid upon the wall whilst the settling is 
in progress and before the permanent load is laid on. 

335. Hading Uaci.— In cffecling repairs of masonry when new work 
is to be connected with old, or when a contionous wall is built up in por- 
tions, the ends of each portion should be, what is technically called ra^ed 
lackjOt built in steps, and tbc wedge-shaped piece A (see figure) forming 
the junction should not be built till both portions are thoroughly set : no 
crack will then appear at the Junction. ^ 

And whenever new work is joined to old, the old shonld be thoroughly 
scraped and cleaned. 
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336, The mortar joints of brick masonry should be tlun, otherwise 
there will be cracks in the wall from tbc unequal resistance to settlement 
of the bricks and mortar. But to obtain tlicsc fine joints it is necessary 
that the mortar he thoroughly ground and mixed, which is often neglected 
in this country. 

337. Pucka Masonry maybe or Pointetf, or the joints may be 

drawn very close and fine, so as to show uotbing but the brick itself, and 
this looks better than either, if the bricks arc of good uniform color and 
carefully dressed smooth. But loo much chipjnug not only entails expense 
hut destroys the outer skin of the biick whicli is best fitted to withstand 
the effects of the weather. This may be obriated by using none but the 
best bricks, which hare been talle or terrace moulded, and ought to re- 
quire little or no chipping. 

ria^leriiig is gencr.i)ly used to conceal bad work, ard ns it qukkly looks 
shabby and requires continual repair it ought to be eTerynhere condinuad 
VOL. 1. — TiiinD rPiTiov. 2 y 
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for tho onfsidcs of biuWings. It? application for inside Trails Trill bo 
treated of under the head of Bdildiros. It may, howerer, be used to 
protect kticha pucka masonry, though it would be far bettor to put the 
mortar betTreen, than outside, the bricks^ 

Pointing, if neatly cxccnlcd, looks well, especially if the bond has been 
carefully preserred ; the joints ore raked out, filled with fine white lime, 
and ore drawn straiglit and square. 

338. HoIIotv Maaonry-~-nolloTr brick walls arc now exlcnsircly 
«sod in bui7d/ng$ Ju England. TJic bricks thcmselrcs may be made liollow, 
or solid bricks ore used, but so arranged as to Icarc bollows between them. 
The adranlagcs of this method of construction are economy, lightness, end 
freedom from damp • and no doubt it irouW secure in this country greater 
coolness for the interiors of hutklings, whilst thejiollow spaces might be 
used, as they arc in English buildings, for purposes of rcntilation. At 
present the solid hrick walls employed Itcconio so thorongbly healed 
<luriug the day that they continue to radiate heat at night, so that the 
temperature of a Barrack in the Upper Proriticcs is often higher at night 
than in the day. Were a stratum of air interposed between the outer and 
inner face of the wall«, tlie heat would doubtless bo mnch reduced. 

In Plata ^'o, XLY, are shown two descriptions of hollow walls, one 
made with common bricks the other reqniring Ibo outer bricks to ba speci- 
ally moulded, ll i.-q crident that in such walls the greatest attention should 
be paid to the bond, and none but the best ni.alcrial'i should be employed. 

339. Kucha Pucka Masonry is commonly used in India where 
lime is scarce and de.ir, and economy ii an object, or in the ca^o of 
temporary buildings. The bricks should bo sound and well burnt, and 
I.aid with strict attention to the l>ond. llio mud mortar should be neither 
too chiycy nor loo sandy, and should be tni-xcd with n little chopped straw 
and CDTT-iiiwg, and well worked up. 

340. Kucha Masonry of 6Hn.dri<!tl brickj? cemented with mud, 
is nNo occ.asionally used for ont-hoiwc**, or for the interior wall? of larger 
building?. The bricks should be wade of the hc?t brick earth, tcry c.nre- 
fuUy dried before being mod, anil laid with a proper bon«h Jla^onry of this 
kind is exposed to ilangor from it« small rc'istaiico to cmdiing, and 
hence should never Iks subjected to a heavy weight} and still more to ri?k 
from water penetrating into it, which wonld tiring the wIjoIo inns? <lown, 

U should, therefore, be carefully protected from sneh contact by masonry 
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of tnrnl brick (as on the lopB of vails), and shonld ncTCr be used in 
fonnilation*, 

341. Kucha Walls of mod alone, are also rcry frequent,— con- 
flructcd sometimes of clay, not made into bricks, bnt in large lumps laid on 
one another in a soft moist state, and so adhering together ns to form, vhen 
dry, one compact mass 5 or stiff mnd, built in layers, veil pressed down 
vitli the hand, or by hands and feel if the wall is tliick enough; in dry 
weather the snn soon bakes each layer orconrse, sufTicienlly to allow of 
the wall being added to. Walls so built generally taper somewhat, and 
arc apt to hare rcrtical fissures. Wlicn completed, they may be cut and 
pared at the base, trimmed and plastered with clayey earth mired with 
Ihoosa, or chopped straw, which may also be nrired with adrantage in tho 
mad wherewith the wall is built. It is wonderful how much exposnre 
to the rain, such walls, when carcfallr built in dry weather, with suitablo 
parth, will stand. 

342. Pise Walls.— There is another description of carthcn-wall- 
work called Piti. The prepared clay, with a Tory small admixture or 
sprinkling of water, or cren quite dry, is rammed hard between two parallel 
rows of board, fixed at the distance apart of the proposed thickness of wall. 
Tho mass becomes firm and hard, and tlio retaining boards ore remoTod. 
This constmetion is expensire and has little odranlngo over ordinary mud 
walls, built under favorable circumstances, except that its faces are per- 
pendicular. 

343. The following Brick-work SpcciGcatlons used 20 the aUIahabad 
Circle of Public Works will be found useful; — 

Tint clan brici-vork will coosbt of Grit class bricks laid in cement ; the bricks to 
be of nniforni rize, tboroagbly and equally burnt, of a deep red or copper color, not 


eonne to be IhotoogWy grimted. 

Ko batts (broken bits) to be used in tbe brick-work. 

No joint to be more than tbrce-cigbtbs of an inch in thickness. 

Every brick to be satorated with water before it is pot into tbe work. 
tVhen the brick-work is not to be plastered, bricks of a uniform color are to be 
selected for all face-work. 

The tops of unfinished masonry to be kept at ol tiroes flooded with water. 

Tbe walls to be carried np rc^larly in all ease (where the nature of tbe work will 
permit 
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In nil ca«e'», retnni% buttresses, counterforts, !ic., are to be built up, course by 
course, '\iUi, nu'l carefully bontlcJ Into, their main walls. Tbe«c are never to 
jojrslc'l on aftcnvonls 

>Vhrre the masonry In one ecctioo of a buihlinij cannot be carricil np in even 
course*, Ibc break is to be left in regular step*, so that the nevr work to be flJileJ may 
be built on o\er the oM, 

The jyorf<Tr to be compo«e«l of kunknror stone lime, mixcil with soorkce or sind, 
in eu'h proportion as the llxecntive Engineer roar ilircet, acionling to the quality of 
the lime to be n«ctl If Ticces.«fti 7 , a proportion of stone lime will be addeil to mortar 
mule of knnknr hmc. The mortar will be thoroughly ground and mixed under edge 
stones. 

The lunkur lime may be burnt in kilns with charcoal or wood, or clamps with 
ooplah, as the Exccntii c Engineer may direct. 

The E.->orkec is to be finely poonlcd, made from welbbumt bricks or from pro- 
perly tcmperril and approved clay or loam, worked into lamps with the hand, and 
well bnmt. 

If rand be used, it is to be sharp, coafsc-graincJ riser sand, clean and free from 
clay or earth. 

Jsot less than 21 culoc feet of mortar (drj) to be n<fd to the lO'l e«bk feet of 
masi^nry, when the bruks mea«arc 0' x -IJ' X 2J'. More will be required If the 
bricks i*c smaller, lc«i if the britks be larger, but no altemtion of the rote will bo 
made on tbts account 

Sreond tloii hnek-trork will l>c executed of similar workmanship generally as first 
class, but with second class bricks, rit, of umfomi siie, Lortit throughout of a light 
ltd— not straw color. 

Kojnints In more than half an inch in thickness. 

Mnrfar not to be grmind umlcf edge stones, bat mixed In n trough. 

This work will, with very few exceptum*, 1*0 plactercd. 

Tiird cUu htirk-xrork will be execoted with tricks similar to iho«e described for 
Fccnnd class, but laid in R>»d. 

The c-xecailoii of the work In bond and other dcKails to le as for second class brick- 
work. 

Tbo rocil to l>e well tempered— If senr }ta«tic, a proportion of sand fobi'sdleiJ. 

Ti?l.c worked djwn with water Idl It i* i>erfrclljr free tn<i» Junif’s and of the con«ls. 
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into three classes. Pint elan brieUt will he of nniform size and color, thoronghly 
and equally burnt throughout, not Titnfied, hariog a clear ring, well-shaped, square 
and true, without flaw or crack. 

Second clan bricks will comprise those which arc not uniform in size or color, 
which are burnt unequally in parts, or which are a little ritrifiedor nnerenly shaped ; 
hut they must all be well burnt and hare a clear ring, and must be free from cracks 
or flaws. 

Well-shaped bricks which are slightly under hunt and bricks which hare been 
much fused will be classed as c/a««, and wilt be set aside for temporary build- 
ings or ont-oflices. 

To ensure none hot good materials being pat into the work, all bricks shall be 
stacked at the site of building in regular backs from 1} feet to feet in thickness> 
and shall be carefully packed by hand. Stacking in large loose heaps will not be al- 
lowed. 

All lime supplied by a contractor shall he examiued and passed by the ofEcer or 
subordinate in charge before it is slaked. 

Bricks shall be soaked in tanksortnbs for at least S4 hours before being used. All 
stones shall be thoroughly flushed with wafer before being set. As the work proceeds, 
it will bo kept thoroughly w etted ontil the mortar has set Arm and hard. Oh closing 
work for tbe day, small mounds of mortar 1| ioch high will be set all round the upper 
surface of the masonry and flUed with water, which w >U be left Co soak in during the 
night. On Sundays and holidays they must be kept coutinuonsly filled with water. 

Where practicable, the whole of tbe masoorx id any stroetore will be carried op at 
one nnlfonn lercl throughout, but where breaks are uoaeoidable they will be made in 
good long steps, so as to prerent cracks arising between tbe new and old work. All 
cross walls and junctions w lU be carefully bonded together. * 

Cbnrch towers and similar sCroctures rising to any considerable height abote the 
buildings to which they arc ottacbed will be constructed independently of it, and shall 
-not be tended in with iU walls 

Chimneys and rcntilating shafts shall be earned up straight and smooth, and will 
be plastered internally as the work proceed*, care being taken to leare no projections 
or other irregularities to interfere with the up draught. Chimneys will be carefully 
gathered in above the fire-place with an easy sweep. 

Tbe foundations cf alt walls shall be spread out m regular steps, so as to give then 
a firm footing upon tbe soil beneath. 

Tbe exterior surface of all vaults imJer roofs or floor*, also [in bridges and culverts] 

- the extrados of tbe arches and tbe top of the backing, shall be staunched with a 
covering of fine concrete of such thickness as shall be directed In large bridges, or 
wherever considered necessary, a coat of asphalte or well boiled coal tar will be laid 
oicr the staunching. 



an'*les to the face and not horizontally. Batterieg rales, levels, and plumb rules of 
tbe £ogli»h pattern shall be used as mochas posrible by masons in lies of the nntnut- 
srorthy native implements. 
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Fint cUis hich-Kork xrin be composed of first class bricks set in lime mortar j 
second class work will bo composed of second class bricks also set In lime mortar. 

All bricks shall be Cliorougblj fltiabed in mortar, and shall be grooted nt cverj 
fourth course. In first class nork no joint shall exceed fth inch in thickness, in second 
class work |th inch will be the maximnm. 

The bond used will he English cm Flemish, at the option of the Exeentire Eng- 
inecr, and shall be carried tbroughont the wall. Ifo bats shall be used in the work, 
and no more half bncks than are necessary to complete the bond. 

The best hncka of their wspectire classes trill be selected for arches, and shall bo 
properly gauged. All joints shall be truly snmmercd j the bricks shall be set with as 
dose joint as possible, and the rings shall be carefully bonded into each other. 

All string courses, cornices, and mooldinga will bo set straight and true, with as fine 
joints as possible. 

Brick-work in mod will be of third class bricks set in rnnd mortar. When these 
bricks are laid in lime mortar it will be designated 3r<f clast hrtek-ieorl. The mor- 
tar need not be ground in a mill. The bricks will be laid with os much attention 
to bond as is possible. 

Earth for mud plaster and for leeping shall be sifted fine, and will then be thrown 
into a pit with a small quantity of cboppetl bhoosa and cow-dung ; the whole will bo 
well mixed and flooded with water, and it will then be left for at least throe weeks or 
until the vegetable matter is fairly rotted down. Kucha plaster will always be float- 
ed on to thin coats, soccessire ones being added if a greater thickness is desired. 



C H A P T E R X V I 1 1 . 

ARCIIIXG. 

345. A JrASOvRV Arch «nn assemblage of wcilge-slisped siotics, (or of 
substitutes fur ihcin, such as bricka,) — eallei foMisoirs,— covering a sjiacc, 
and supported intennediatcljr bj their mutual pressure on each other 
caused bj gravity, and ultimately by their pressure against the solid body 
from which they spring on either hand, whether this be the firm ground, 
a mass of masonry called an abutment or buttreef, or the countcr'thrust of 
a eimilar arch resting on the same pier, or point of rcrtical support. 

ITic under side of an arch is cnlleil the Intrados or Sqftt; the former 
term Iwing used when largo arches, like those of a bridge, are spoken of, 
and the latter for email arches, such as usually occur in buildings. The 
outside of an arch is called the Extrados or back. The two lowest extremi> 
tics of an arch are called its Sprtnjinys or tpnn^in^ lints. A line extending 
from the springing line on one side of on arch to the springing line on 
the opposite side, is called the Span at the arch. The Croten of the arch 
is the part most remote from the springing line, and the parts of the 
arch for a certain distance up each side from the springing lines are 
called the Haunches. The Spandrils arc the spaces contained between 
the extrados and a horizontal line from the crown. 

346. Curve of Bqullibriuis. — If the arch stones had polished sur- 
faces they would slip on each other, unless the direction of the pressure 
between each pair of vous«oirs was exactly perpendicular to the direction 
of the joint between them ; and as the direction and amount of pressure 
caused by each Toussoir of an arch, depend on its weight added to that 
carried by it, and on the form of the arch, the lines of directions of the 
pressure throughout the arch form a polygon, whose sides should cut every 
joint at right angles. This polygon, by assuming the stones to be in- 
finitely small compared with the span of the arch, becomes a curve called 
the Curie of Equilibrium. This curve can in all possible cases be deter- 
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mmed by calculations, irhicb howercr, except in the eimplcst cases, arc 
abstruse, and the reader is referred to Moseley’s and 'Weisbach’s Treatises 
on Mechanics, for the best tlieories on the equilibration of arcbes. 

Experimentally, IioTrerer, an equilibrated arch, to suit any conditions, 
may easily be drairn. A chain suspended from two points at a dis- 
tance from each other, and allowed to hang freely to the depth duo 
to its length, will evidently be in equilibrium} that is, its parts will 
so dispose themselves that none lias a teodency to push the other 
aside ; or in other words, the vertical force of each link being supported 
by the hooks to vhicU tlic chain is suspended, the horizontal thrust 
of each ia met by the equal and contrary force of the linlis on each side 
of it. If these forces were unequal, motion would ensue; as soon 
Iherefoie as Uie chain is stationary, the balance or cquilihriuia of iU 
parts is established. 

The festoon thus formed is an arch reversed, if tho points of suspen- 
Bion represent the abutments of the arch, which in the former ore drawn 
together, in the latter thrust asunder, with equal force; supposing Ihc 
weight Olid depth of the festoon to be equal to the weight and riso of tho 
ring of arch stones. 

if tho chain is composed of links of eqnal length and weight, the 
festoon will form a curve called the cn/enary. By increasing Iho weight 
of the links (owards tho points of suspension the festoon will bccomo 
flatter, and the form will thus bo adapted to arches of bridges, whoso 
haiinclica are built up to carry a level, or nearly level roadway. 

Ifow to ascertain the form of an arch which shall have n span AB and 
a rKo FG, with a roadway following tho lino CBE. Let tho /igiiro 
ACBEC be mvfrtcd, so aa to form a figure AcdcB Let a very flf.viblo 



thniu with htiks of equal length 
and of uniform thickness ho sus- 
pended from tho points A and B, 
and let the chain be of nurh a 
length that its lower point will 
hang a htlle below correspond- 
iag to F. IhVide AB into a 
number of equal pirt-s in the poiiit« 


1, 2, n, Ac, and draw vcrlical Jinca cutting the chain in tho corrr'potid- 


Ing points 1, 2, 5, Ac. Xotr fake pieces of a smillar chain and hang 
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tlicm nt tlio points 1, 2, 3, &c., of tlie cliftin A/B, uill alter 

tlie form of tlic curve. Cut or trim these pieces of cliain till their lower 
ends all coincide with the inverted roadway cde. The greater lengths 
which arc hung on or near A and B will pull down the points to which 
they are attached, and cause the middle pouit/j which is less loaded, to 
rise a little, and thus bring it to the height fixed upon for the rise of tho 
arch. 

An arch built in this form will be in perfect equilibrium, if the propor- 
tion between the weight of the ring of arch stones of a depth proportional 
to the horizontal thrust of the nnh, and the weight of roadway, spandril 
Walls, &c., carried by it, is the same as that between the chain A/B and 
the bits of chain suspended by it. Should this proportion be the same or 
nearly so, the curve is the one required ; if otherwise the number or tho 
Weight of the suspended pieces of chain must he added to or subtracted 
from, till the dcrired proportion is obtained. The load over a bridge arch 
is, in consequence of the plan of Laving hollows in tho spandrils, not 
distiihuteJ exactly in propoition to the height of the wall over each sc- 
parnto arch stone, and tlie specific gravity of the mass over the Iisunchcs 
being thus less than over the crown, an nd<litiona] ailjn«tmcnl of tho sus- 
pended bits of chain is theiehy indicated. Tho anh of equilibrium is 
formed to sco whether, when applied to (ho form of arch chosen, it lies 
everywhere well witldn tho depth of the arch stones which compose it. 

347. An aich htilU exactly on the true curve of equilibrium would 

IISU or BOADWAT. 



stand, although no mortar was u«od in its construction, and even if tho 
vou«$oirs were highly poli«hcJ on their bearing surfaces. 

In practice, however, the extent of the surfaces of the arch joints, their 
fricti m, and the tenacity of the mortar l»ctween them render a departure 
from the true curve of ctpiilihrium in the fonn of an arch, e<pccially of a 
loaded one, as that of a bridge, ununportant within certain limits ; still, 
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in order to determine those limits, and in heavy arcljcs to nvoid any ap- 
proach to the degree of compression Tvhich the materials used are incapa- 
ble of enduring, the best form should be known, as there will always be an 
economy of materials disposed in such forms, in ignorance of which safe- 
ty, if attained, can be so only by xraste ; and it must always bo remember- 
ed that in buildings intended to be permanent, allowance must be made in 
constructions of brick-work and masonry, for the cfTcct of concussion 
caused by storm, earthquake, or floods, as in constructions of \yood and 
metals for effect of decay and rost. 

It is, therefore, requisite that the ennre of equilibrium of an arch should 
be contained between the lines of its upper and lower surfaces, called its 
extrados and intcados, and not ha allowed to approach too near to either; 
othcnrisc, the thrust might, if brought loo near the edges of the vous- 
soirs, splinter them, and thus changing the form of the arch and brining 
fresh points under pressure perhaps crush them in detail, 

348. The effect of the cohesion of the mortar in arches, Is to cause 
the breaking up of an arch whoso cquihbiium is defective, into three or 
four masses which may be considered ns the sides of a polygon, whose an- 
gles are at those points of the extrodos and intrados where they are cut 
by tbe curve of equilibrium ; motion may take place about these points, 
unless the thrust in the direction of the sides of tbe polygon is met both 
in the piers and in the points where the atch has a tendency to open out- 
wards, by a sufficient weight to counteract it. 

It will be seen at once, thorefore, that quite diflerent forms are requir- 
ed for weighted and unweighted arcljcs; the former are as in bridges 
the Utter in roofs. For uistaocc, it bos been found that an unloaded 
semi-circular arch whose extrados is paralU] to the intrados, with a thick- 
ness less than 1-lClh of its span, will give way by the rising of its 
haunches; this relative thickness not coutaining in it a curro of equili- 
brium midpr the given conditions. 

It is evident that the weight thrown on the haunches of a bridge in 
order to bring the roadway to a level, will counteract this tendency of 
semi-circular arches to bulge out at these points ; the remedy, however, 
may be carried too for, as was proved by an enterprising Welshman, 
named Edwards, in 1751, who built a bridge of a single segmental arch of 
110 feet span, and 05 feet rise, over the river Taaf, but filling in the 
haunches with solid masonry, the crown of the arch was forced up aud it 
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fell. The bridge rcbtiilt wUh liolloiri lefl in llie liannchcs', and is, 
ITC bclicre, still stftnding. 

349. FroTn oh'crrationi of (lie manner in which large cylindrical 
archca settle, and experiments made on a small scale, it appears that in all 
ca«es of arches where the ti<c is not greater than the half-«pan, they yield 
by the crown of the arch falling inwartls, and thrusting the lower por- 
tions outwards, presenting fire jomfi of n/pf«ir<; one at the key-stone* 

Ft]. 1 one on each side of it, which limit the por- 

tions that fall inwards, and one on each sido 
near the springing lines, which limit Iho 
parts thmst onlwards. 

Tlie ligore (1) in (ho margin represents 
the manner in which snch arches yield by 
ruptnre : o, joint of rupture at the key-stone : mm, joints of rupture below 
the key-stone : nn, joints of rupture at springing lines. 

In pointed arches or those in which the ri<e is greater than the half- 
Fi], 3 span, the tendency to yield is dilTcrent ; 

here the lower parts fall Inwards, and 
thrust the parts near the crown upwards 
ond ontwards. 

Tlie marginal figure (2) represents the 
manner in which pointed arches yield ; 
mn falling inwards and mo outwards. 

350. Calculation of Thrust. — From this morement in arches, a 
pressure arises against the key-stone, termed the /<ori;o;i/nl i^rust of the 
arch, the tendency of which is to crush the stone at the key, and to overtam 
tlie abutments of the arch, causing them to rotate about the exterior edgo 
of some one of their horizontal joints. 

The joints of mpturo below the kcy-slonc vary in arches of dllterent 
forms, and in the same arch diSercntly loaded. From experiments, it 
appears, that in scmt-circular arches, the joints in question make an 
angle of about 27® with the horizon; in segmental arches of arcs less 
than 120®, they are at the springing lines ; and in oral arches of threo 
centres, they are found at aboat 45* from the springing line, measured 
on the small arc which forms the extremity of the enrve. 

The calculation of the points of rupture, the consequent horizontal 
thrust, and its effect in crushing the atone at tho key, and in oTertuniing 
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the abutment, nro problems of consulcrabic mathematical intricacy, which 
hare been solved by a number of writers on the thcoiy of the eqnilibritim 
of arches, and tables for effecting the necessary numerical calculation 
have been drawn up horn their results to abridge the labor in each case. 
The following formula is given by Hankine, as sufficiently accurate for 
practically finding the horizontal thrust of the arch, from which the 
necessary thickness of the abutment wall, or buttress, to resist tliis.tlinist 
can be determined : — 

Ctrculftr Arch not less than a Quadrant . — The horizontal thnist is 
nearly equal to the weight suppoitcd between the crown and that part of 
the soffit whose inclination is 45*. 

Thus, in figure, let ACB represent onc-lialf of a circular arch, 0 being 
(he centre of (he intrados and OA it.s rndicK, 
= r; let or = r', TU = c; UV being the 
liorizontal platform. Draw.OCF, making the 
angle AOC 45* with the vertical ; then the 
horizontal thnist of the arch will be iionrly 
equal to the weight of the mass ACFVU, 
which lies between the joint CF and the crown. 
The point F is that up to whoso level it is 
advisable to build tlic backing solid, or at all 
events, to bond and joint it In snch a manner Hint it sliall bo capable of 
transmitting a liorizontal thrust. Draw FT horizontal { then PT = 
•7071 OP. 

Circular Arch less than a (J'larfron/.— Tako the weight of a half-arch 
with its load, and multiply by the co-tangont of tlio inclination of tlio 
intrados to the Iiorizon at (lie springing. 

This thrust when applied at the top of nn abutment will net with the 
greatest force at its ba«o, or at the full evtent ol tlio lever wlio'c length 
Is the height of the abutment ; (bo resistance will consist of (be nbut- 
ment calculated by multiplying the content by the weight of the nialorial, 
and by the length of the leverage, calculated from tlie point over whieli 
its centre of gravity must be turned, added to tbc weight of llic half 
arch rc'^ting on the abutment, acting at the point from which it springs, 
and to the cohesion of tbc mortar joint which must giro way before the 
mass can begin to move. 

351. Tliis method of detennining the thickness of nn abutment to 
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resist tlio effort of an nrcli to tnm U otct, mil be best_illnslniled by an 
example. 

The abutment nreb of the Ilutebc^on Bridge, Glft-«gow, built bj Sir. R. StCTcn'sor, 
is a segment of CO* of a circle, the ndins and span being each Co feet. The line of 
tbrust, n hich is tangent to the enrre at the sprlDgiog, forms therefore an angle of 30* 
with the horlson. The thickness of the arch is ctc;^ where 3} feet, the height of the 
spnngingJiDC is 17 ftst, the abutment is carried tip solid to a mean height of 2C feet. 



To find the tbnj«t of this arch, it will be rc<ioi«ilc to allow for the weight of the 
roadwaj and occasional loads pa*«ing orcr it, end when the mstcrial is stone, 1} 
feet addeil to the thickness of the arch tnar be taken to cover all ( the arch then 
averages 5 feet in tlilckncs*, and the leogth of the half arch 35 feet nearly. A cubic 
foot of masonry may be taken at 120 lbs., and in making the calculation of the thru't 
cf the arch and the resistance of the abatmeot, it will be sufficient to take cue run* 
ring fool in length for each 

The weight of the half arch then will liesSxS^x 120 x 1 ea 21,IV'0&s., and 
this weight mnlliidied by the cot of 30* will pie the AancnnMf thrust of the arch, 
and this thrust acts npon the abutment at the springing line, and therefore with a 
IcTcragc of 17 feet in this ca*e. 

The moment of the arch then, lending loovertom the abutment will be ss 21,000 
X ^3 X 17. The rcsisUnee the abutment can offer to this will be, first, its own 
weight roulliplied by half its lhickne«s . reeond, the rtirngth of ilie abotment against 
ruj ture at the mortar joint ; and third, the effect of the weight of the arch itself In 
preventing the abotinent from taming over, that Is, from its resting upon the inner 
edge of the abutment. 

If we tske 1000 r>s. as the cohesive alrength of the mortar joint per superficial f.snt 
and the weight of the masunrj 120 T-a. per cubic fisit, as in the arch [ also If a rrj re- 
sent the thickness of the abutment, then the rr'i'tasee of the alstniect will as 
follows 

(i). Kfiistanee doe to Its own weight = 2Gx«xlXl3^x'c UCOa’. 
(li). Resistance doe to mortar jolct s= ICOO X « X g = 3^ a*, 

(ill). RfsifUnce doe to awh, .. =2!(Ss)^. 

Tlicn, if these le e<in*!eJ with the nw meet of the t-rh, we have 
+ X s/3' x 17. 

And solving tils ojuation, we get a eo 129 feet. 

This csjuaim of e>}sihhriuB, as it is called, toay be put ia aa algclrtl; f.rm as 
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follows, snpposing: the arch not to exceed a quadrant, and the back and front of the 
abutment to be perpendicular. 

I^t W = the weight of the half arch wth its superincnnibent load of backing and 
roaduay, &c. 

a =: the angle subtended by the half arch, or, which is the same thing, the 
angle of inclination of the tangent to the enrve at the springing line. 

to s= weight per cnhic foot of the masonry' of the abnfment. 

A s height of abutment to springing line. 

A, s mean height of abutment. 

e =: cohesive strength of mortar joint per superficial foot. 

A s horizontal thrust of arch. 

Then H s= W cot a, and the moment of the arch ss A W cot a, and putting j for 
the thickness of the abutment as before, the eqnation of eqnilibrinm n ill be 

In the example given above, suppose the mean height of the abutment to be only 
19 feet, and the arch springing from 10 feet. 

The moment of the arch will then be =: 21000 x ^3 x 10. and the resistance 
will be ll40x* 4* SOOz* + 21000 *, or the equation will be 

lOtOr^ + 21000z s 21000 x X 10, aud soiling this equation 
« as 9 8, or 2 feet less than in the former case. 

If there were no cohesion between the stones or bricks forming as abutment, the 

horizontal thrust u ould canso 
them to slide oa each other 
at the joints ; thus in the ac* 
companyisg figure, the thrust 
of the arch /, would be re. 
silted only by the friction in 
(ho joint nA, whichwould bo 
equal only to about seven- 
tenths of tlio weight of the 
mail o/'Cff, *7 being the co- 
rlllciciit of friction of stone 
or brick. If aird he taken ns a rectangle, Ac 3 feet, siippoic. and 120 lbs. as the 
weight per cubic foot as before, also let » represent the uidtli a6 j then the « eight 
of the mass aied will be =: 3 X 120 x •* = 3G0 r. To this add the weight of 
the half arch resting upon it, or 21000 lbs, then tlio wholo rcsisiancu of friction will 
he = *7 (3G0r 4- 21000) ss 252x4* 14100. Equaling this with the horizontal thrust 
of the arch ns found before, wc hare 252x 4* 14700 =; 21000 ^/3, whence 
X s=€C feet. 

The cohesion of common mortar, according to Itondclct, is from 21C0 to 4320 lbs. 
per superficial foot, but nceording tosome experiments made recently in connection 
with the masoniy forts in the Bombay IFarbonr,* it was femnd to aicmge only 23C2 
lbs. for the beat, and 1270 Jhs. for worst, class of mortars. 

llcfcrring again to the last calculation, when the abutment is supposed to yield hy 

■ “ rrofcasloBol fsren oa Indlaa jra^tacaiiis [rtrst Series],'’ tor h*ortml«r 1808. 
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Flidin", tterc would, in practice aluagru be mortar bctuccn the layers of masonry in 
the abutment, and the resistance of the mortar joint along the lino ab uould offer the 
principal resistance to the thrust of the arch In the aboi c ease, if u e taLc 2000 Il>s, 
ai the cohcsi\c strength per superficial foot of the mortar, and also assume the resist- 
ance to detrusiun to be the same as the cohesion, the strength or resistance of the 
mortar joint will be s=2000 f^nnd equating this with the thrust of the arch, we have 
SOOO s = 21000 
/. = 18 18 feet. 

It appears from this, (hat it will be necessary with abutments of small height to 
calculate the thickness both for oicrtnming and itctrusioD, and to take whichever 
is the greater as the minimum thickness. 

In considering the case of ilctrusion, it is eifdont tlmt an abutment which is likely 
to be tested in this way should be allowcil to set thoroughly before the arch la turned 
or at any rate before the centering is rcmoTcd. 

352. In tlio nboTC, fimt all similar cnlcnlations, it must be remember- 
ed that the thichness of the nbnlmcnllhus found is the minimum thickness 
absoUitelj recinired to resist the thmst. But in actual practice an addition 
of about ono-eightb should be made to the calculated mass of the abut- 
ment, to ensure safety. 

In Elliptic arches, the portion of the arch immediately abore the skew- 
back should be taken to form part of the abutment, and the thrust may 
be calculated, as before, by treating the curve as a series of circular 
segments. > 

More will be said on Abulraents under the Section BniDOES. 

353. Form of Arches. — Arches may be Scnii-Circular, Segmental, 
Simi-Klliptical, or Fointed. 

iitjni-Elliptical Arch . — To set out a semi-elliptical arch, draw a lino 
AB c<i«al to the span or transverse axis of the ellipse. On this at right 
angles draw CD c<iuftl to the rise (which will be the semi-conjugate). Then 

from the vertex C, with 
radius AD or DB equal 
to half the span, describe 
on arc intersecting AB in 
E and F. These two 
points will be the foci of 
the ellipse. If two nails 
or pegs be fixed in the 
foci, and a line attached to them equal in length to AB, then the enrre 
traced by a nail keeping this line stretched, will be the ellipse required ; 
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the lines EGF, EHF, EOF, EIP, &c., belu" all equal to the span AB, 
and to each other. 

354. An elliptic arch may also be described by contiHued motion in the 
ibllowing manner: — On a straight b.irAD (acif figure), if AC be matlc 
equal to the height of the arch, and CC equal to half the span, then if the end 

of A be moTed 
along a straight 
edge ED, Tvhile 
the point B 
mores along an- 
other straight 
edgeFDpcrpen* 
dicular to ED, 
the point C will 
dcsoibe anelHjv 
tic quadrant. If 
(he bar be made 

to more on rollers, an arch of considerable size may bo accurately 
described in this w.ay, when a trammel wonld become unmanageable. To 
find the direction of the joints, rritb a radius equal to half the span, from 
the point K (see figure), as a centre, describe the arc GH, which deter- 
mines the points G, H, called the foci. Let it now bo required to draw a 
joint at I, join IGand IH, draw LI to bisect the angle GIH, and it is the 
joint required. 

355. J/dfiy centered Circular arch . — Curres formed of arcs of circles 
of unequal Milii, and similar in appearance to the ellipse, are Bomctmies 
adopted for the arches of bndges ; with the same rise and span, they may 
be conslrtictod to give a greater waterway, and in stone bridges they have 
been preferred by practical stone cutters, but in brick bridges they hare no 
advantage in simplicity over elliptical arches. They may be described with 
three or a greater odd number of centres. The number of centres will de- 
pend on the relation between the span and rise{ when the latter is one- 
third, or a greater fractional pact of the farmer, three centres may be used, 
but if tbe rise is less than one-third of the span, then fire, or a greater odd 
tcamher must be taken. In practice, it will be fonnd tronblesome to describe 
arcs from a large number of centres, nor indeed will occasion be fonnd for 
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using curves of tlii<? doscription. The following is ft mclhod of dcscrihing s 
enrve composed of throe nrcs, each 
of CO®. Let AB (see figure) re- 
present the spiin, end CD the rise, 
tttto DG := AD — DC, and on 
it descrihe on cqnilatcral trianglo 
DGn, let fall the perpendicular 
ni and toko IE III. In tho 
same way the point F ts found. 
On EP describe the equilateral 
trianglo EPK, then E, F and K, wUl be the centres required. 

If the oval arch rise otjc-third, Lhcct the half 5pans AD and DB (see 
figure) in the points E and F, and 
prodoco V CTsed sine CD to G mak- 
ing DO — DC, then E, P, and G, 
will bo the three centres with which 
the curve may be described. In set- 
ting oot arches, the practicnl djfil- 
culty arises from the elasticity of 
string. Instead of a string, soft 
wire, about a tenth of an inch in 
diameter, should bo nsed. When 
the radius docs not exceed 12 or 15 feet, a slip of wood may be used with 
ft nail at each end. 

356. Painted Arches . — ^Thenext figure illustrates the mode of describ- 
ing tho usual four-centered Tudor arch, which 
is generally adopted as a very graceful form. 

Set off a-t equal to the width of the arch, and 
divide it into four parts, asal, 12,2.1, and 31. 

Then, with 13 as a radius on the points 1 and 
3, describe the arcs Ic and 8c. Draw lines 
through Ic and 5e, after which, rule perpendi- 
cular lines lines through 1 and 3, cutting tbo 
lines le and Se in d and /. This done, with 
la as a radius on the point 1, describe the arc 
ah; then with the radius Id, draw the remainder of the arch he. The 
other side of the arch is completed by a similar process. 
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357. P/a/e XLYL, contaias four examples of Gothic arches of Tari- 
oiis periods, elucidating some of the principles which may be adopted ia 
designing similar arches, and the leading feature to be observed ja the 
setting-out and working of them. 

Fig. 1 is an Early English arch, struck from two centres, and having 
three surfaces of mouldings. The width of the opening is, in tliis case, 
divided into Hve parts, the two points, 2 and 3, level with the top of the 
capitals, heing the centres from which the arch is desciibed. In this 
specimen, the outermost and innermost shafts are woiked in the courses, 
while the shaft between them is of long stones detached from the jamb; 
this latter kind of column is a very common and pleasing feature, in this, 
and the early part of the succeeding style. 

Fig. 2 is a very beautiful trefoil arch of the early part of. the 14th 
century : the springing is a few inches above tbe capitals. The spaa 
from 0 to 11 is divided into eleven equal ports ; from the divisions 2, 9, 
as a. base erect an equilateral triangle, and upon tbe divisions 2, S, 4, 
and 7, 8, 0, as bases, the small equilateral triangles 2, 3®, 4, and 7, 8®, 9, 
the extreme angles of which give the points from which tbe curves of 
the arch are drawn. Tlio dotted lines from the centres to the aich re- 
present the mode of drawing the joints, the dilTerent planes of which 
meet at the mitre of the mouldings in tbe spandril — a feature which 
should always he preserved in order to make sound workmonship. 

Fig. 3 represents a foliated arch with double featherings, viz., feather- 
ings or cusps on two diQcrent planes. The same general principles are 
observed in describing these arches, as may be seen by consulting the 
Plate ; but the featherings in ancient examples are greatly varied in forms 
and tre.'ifuient. This design is of tbo Early Decorated period, in which 
the prineipal spandnls arc carved, and sometimes both tbe principal and 
the minor ones ; but in later cx.amplcs they are ornamented with pierced 
tracery. The radiating joints must be carefully mainlaiaed, care being 
talicn to work the carving ia single stones ns far as possible. 

2'ig. 4 is a four-ccutered arch of the perpendicular period. This arch 
is formed by tbe space from 0 to 9 (the lending fillet being taken as tbe 
guide). This must be divided into nine parts; upon the bases 1, 5^; 
8, 3i, describe tbe inverted equilateral triangles I, 10, 5^; 8, 11, 3i; 
and from tbe points 10, 5}, and 11, 3J, the arch i.s struck. 

358. The mason, in order to put n design into execution, must set 
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lliickncsscs of plank nailed together with the grain of the wood crossing ; 
fts in the aboTC sketch. 

Similar centerings with three or more ribs are applicable to road tnn- 
nel«, and may be made into lengths of lOJ feet each, the lagging being 
nailed on to each rib and extending orcr at least two spaces ; the joints, 
if any, being alternate, so as to hold the whole framework well together. 
In building the drain or tunnel, Iho centering is first to be fixed in its 
proper place, at one end of the work, and the arch is then built orer its 
whole extent. That done, the centre is struct (which is the technical ex- 
pression for releasing and taken down the centering), and It is moved for- 
ward very nearly its own length, taking care to Icaro 3 inches of one of its 
ends underneath, but in contact with the underside of the portion of arch 
that has been built. In this new position, it is to bo made straight and 
level, and again fixed ; when a second quantity of arch work equal to 
its length may he builtnpon it, when it is again struck, advanced, adjusted, 
and fixed, and is ready for a third length of work; and by this process, 
a tunnel may bo continued any required distance with only one short cen- 
tering. Two or three ceulcriags of Ibis kind will be found very useful, 
when a large number of tunnels of the same span arc to be boilt on n new 
lino of road; where, however, wood is dear and carpenters scarce, a solid 
centering of earth may bo formed, by filHog m between the side walls, or 
abntments with rammed earth, and then forming a raised sarface of tho 
same to the shape required. This mould is to bo removed by digging 
out, after the tunnel is completed, or so far as completed nt any time, 

Tho centerings required for largo arches, and tho methods used in 
striking such centres, arc treated of under the Section CanrEMTRT. 

363. Various periods have been Iwd down as proper to allow be- 
tween the keying and the onccntcring of arches, though it has been 
generally agreed that immediately after tho completion of tho arch, tho 
centerings should be slacked a little, so that the bricks may close in and 
compress the mortav. And certaudy this should bo done before tho 
facing, spandrel, and outside parapet walls are built upon the arches, 
because a trifling change of form in the arch may occur by its settlement 
without imparing its strength, hot which might crack and disfigure the 
external face walls; but if they arc not built until the arch has taken its 
final set, there will be no danger of their being afterwards deranged or 
disfigured. Arches have been safely oncentered immediately after keying, 



ancuixo. 


SC8 

ore lia'jlc to caiiso tlio bricks to bo broken, or to prodnco uneqnal pres- 
sure, wberebj the regular setting of the arch maj be diaturhcti, its figure 
distorted, and its strength impaired. 

To obriate this incotircnicucc, nrehesnro general!/ built in concentric 
rings one brick, or half-a brick, thick, each ring having the lower edges of 
its bricks touching each other; Unis no great divcrgenco can take place 
in the joints, and as each ring contains a greater number of bricks than 
the ring, belonr it, the arch is more solid. 

Tins method should not be used in arches of more than fiO fee span 
ns there is danger of the concentric rings settling iincquallj, when the 
whole pressure might have to be niomcntaril/ sustained b/ a single ring, 
which would bo liable to crush under it, and thus bring the pressure on 
the nest ring, whicli would probabl/girc wn/ in n similar manner, and 
tho wliolc arch thus fail. 

In small arches, tho method of 
bonding through tho concentrio 
rings, whicl) is shown in tho mar'* 
ginnl figure, ii ,lioth c/Tectivo and 
simple, precluding the necessity of 
extra mortar towards tho extra- 
dos, and invoking no cutting or 
dressing of tho bricks, an evil to 
be avoided in brick-work wherever 
it is possible. 

Anollicr plan, which may bo adopted (except in very flat segmcntnl 
arches, in which the length of tlio 
extrados and intrndos di'/Tor but 
little), h to build tho nreh in con- 
centric rings, separated at short in- 
Icnals by Mocks of brick-work buiU 
as solidly ns po«siblo, either with 
rccinngmjar bricks or with* bricks 
fpceinlly moulded with reference to 
the |>Ofi!tions the/ are to occuj'/ in 
the arcli. 

In imporiant structure*, hoircrcr, sncli ns brilgcs of large span, it is 
letter to employ tho complete bond (at ia or^iojrf rralJ buildiag) through 
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the whole depth of the arch, either nsing bricks specially moulded, or 
carefully cutting the ordinary bricks to the proper wedge form. 

In this mode of building, each half arch may bo considered as a bent 

wall, whose bed joints 
are not exactly par- 
allel,} but normal to 
the shorter enryed 
side — the intrados of 
the arch. 

The marginal sketch 
shows a form of wedge 
bricks used by Major 
Forlong, Supdg. En- 
gineer. A string 
course of wedge bricka 
is introduced at true 
calculated distance^ 
so as to restore at 
that point tbo truo 
radiation of the wedge 
Joint 5 the intermediate string courses Icing laid with parallel, rot radia- 
ting, bed joints. 

367. Flat Arches ore used instead of wood or stone lintels orcr 
square headed windows and doors. They arc generally a brjjk and a 
half thick, and the bricks should he rcry carefully cut or moulded to shape 
and set in the best mortar. They should always have semi-circular or 
segmental discharging arches orcr them, (<« Plate XLYII). 

368. A Rampant Arch is one whoso springings arc on dtOerent 
level". As one impost joint must be oblique to the horizon, care must 
be taken, if this obliquity be not less than the angle of friction of the 
stone used, cither to cut the impost into steps, or else to use some suitable 
bond or metal cramps and bolts to prevent disjunction between the arch 
and abutment. 

369. Inverted Arches or Inverts arc discharging arches which 
are built under openings — their u'e being to distribute the superincum- 
bent weight equally over the fol'stmctnrr, or along the foanJalion, as the 
case may be. Arches of two half bricks are sufSclcnt for ordinary per- 

voL. I. — Tiiir.n EPiTiov. 8 b 
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poses; 'in large and heavy works, arches' of three Jmlf bricks, and evea 
greater, may be judged necessary. Any arc bettreca a quadrant and a 
eeraicircle may bo used with advantage : but aa.ai’c of less than 45° can- 
not be recoromended for the inverted discharging arch under piers. If 
it should so happen that an old well or ccss-pool, that cannot without 
great inconvenience and expense be filled up with sound walling, or in 
some other efiicient manner, or other irremediably bad place, occur in a 
foundation, and fall under a pier, the ground being sound on either side 
of it, a second discharging arch may be formed under the pier and over 
the unsound part, resting its legs on, or springing from, the inverted arch 
under the opening, and on the sound ground. 

Plate XXiYll. shows an elevation and plan of part of the wall sur- 
rounding one of the great London Prisons, which was built upon ground 
over which was doposUed artificial soil, varying from 20 to G feet deep. J3y 
the nse of buttresses and inverts, as shown, a great economy of construc- 
tion was obtained. 

37Q. Uaderground Arches Tunnels, Culverts.— If the depth 
of a buried archway, such as a tunnel or culvert, beneath tbesnrfnee of the 
ground, is great compared with the height of tho archway, the proper 
form for the lino of pressures, which must be within the middle third of 
the thickness of the arch, is an Elliptic UMOj'arch, in which tho ratio of 
the horizontal to the vertical semi-axis is the square root of the ratio of 
tho horizontal to the vertical pressure of the earth; that is to say, 

roriaontnl semi-axis. //», — / ( t — s'P /j . 

rerticfll Ecini-axia “ J y V 1 -f sin p/ 

p being the angle of repose. 

If tho earth is firm, and Iiltio liable to be disturbed, the proportion of 
the half span, (or horizontal semi-axis,) to tho rise, (or vertical semi-axis,) 
maybe made greater than is given by tho preceding equation, and tho 
earth will still resist the Additional horizontal thrust ; but that proportion 
should never ho made has than the ralnc given hy tho equation, or tho 
side of the archway will be in danger of being forced inwards. 

In a drainage luunel or culvert, tho entire cliij>so may be used ns the 
figure of the arch; but in a railway tanocl, where it is necessary to have 
a flat floor, the sides and roof of the tunnel comjirisc in height tho upper 
two-thirds, or three-fourths, of the ellipse, which is closed below by a 
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circular segmental inTcrtcd arch of dight cnrvatore, its depression being 
one-eighth of its span, or thereabouts. By this mode of construction the 
vertical pressnre of the sides of the toniiel is concentrated upon founda- 
tion courses, directly belon' them, from irhich they spring. Tho ratio 
Trhich the entire width o^ jLe tunnel, measured tniltkle the masonry or 
briclcwort, bears to the joint width of that pair of foundations, most not 
exceed the limit of the ratio of the weight of a bnilding to the weight of 
earth displaced by it. Tlie inverted arch serves to prevent the foundations 
of the sides of the tunnel from being forced inwards by the horizontal pres- 
sure of the earth. 

TIic exact form for the line of pressure in the sides and roof of a tunnel 
is the geoslatic arch. This principle requires attention, when the roof of the 
tunnel is near the surface. Let X« he the depth of the crown of the 
tunnel, and X, that of its greatest horizontal diameter, beneath the 
surface. From those ordinates as data, design a hydrostatic arch ; contract 
the horizontal ordinates of that arch in the ratio c : I (see equation 1) ; 
and tho result will be the figure of the gcostatic arch required. 

Tho greatest intensity of pressure in a buried archway occurs osnally in 
its sides, at the ends of the shorter diameter of the oval intrados j and 
that intensity is given approximately by the following equation. Let 
S, be the depth of the shorter diameter below tbe surfaco of ground, i' 
the half span of the archway, o' its rise, t the thickness of its side, w 
the weight of a cnbio foot of the earth ; then the greatest pressure in Ids. 
on the square foot, is 

”■ lx,(y + o- 08 .{'} 

i ' (2). 

and this should not exceed the resistance of the material to emshing, 
divided by a proper factor of safety. 

It appears that in the brickwork of various existing tunnels, the factor 
of safety is as low as four. This is soflicient, because of the steadiness of 
the load ; but in buried archways exposed to shocks, like those of culverts 
under high embankments, the factor of safety should be greater; say 
from eight to ten. 

How small soever the load maybe, there is a certain minimnro lliick- 
ness lor an under-ground archway, for determining which the following 
empirical rule, (exactly similar to that for Coding the depth of the key- 
stone of an arch,) has been deduced from practical examples. Tbe rise 
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anil Iialf-spati being denoted aa before by o' and i/ compnte npprosi- 
laately the longest radius of curvature of the intrados by the formula 



then 

least thickness t in feet = VoTTr .....( I). 

This is Applicable 'irhcro the ground is of the firmest and safvst kind. 
In soft and slippery matcnnls, the thickness ranges from once ond a ha!/ 
to double that given by ctjtiation -1 ; that is to say, 

from /s/o^ to ('*")• 

The thickness of an under-ground arch at the crown may bo made less 
than nt the sides in the ratio It' : a ; but tho more commou practice is to 
make it uniform. 

371. Oblique Arches.— -In (he arches that have been hitherto des- 
cribed, the plan is rcclnngular, the faces of the nbutuicnls Icing perpen- 
diculnr to the front of the Anh, and each eoiirso i»f masonry is laid pawl- 
Icl to tho abutments In a akeic or obhtiuc arch, it is nut posstblo to lay 
tho courses parallel to the Abutments, fur, were this done, the thrust being 
at right angles to the direction of the courses, tlicro wotdd be a great por- 
tion of tho arch on each side that would have nothing to keep it from 
fBlling. In order to obviate this, the courses must bo bid nt right angles 
to tho faces of tho arch, and at an angle iritli the abutment, nnd this it is 
which produces the pecnlianty of tho skew arch. When such arches arc 
bniil of stone, much nicety is required m sUapliig the voussoirs, but with 
brick they may be built with nearly ns iimoU facility as ordinary arches. 

Tlio difficulties ailcudiog the eouitructiuii of nl.Iuiuo arches, have been 
an'j'h d by mdenlji/g the fat c of the 
it!>iitriieiit-<, ntid building (he arch 
111 cyhiitlrunl ring* (yrc marginal 
<.ut), but thi*. Ibt.ngh f.iicrffi‘'funy 
cseiutid in hciernl bridges over 
Itadrrays in llurope, is manifestly 
n msfer-fliifll fill! c5lr»<5o. i< itTrgnlw. «l«l llirrc ran t.- HO lliiirolijll 
of UiP rils 00011*0-10.; the ntch. 

372. rrci'aratoxj to the » teeijlion of o their arrh, a lBTf;r ijroiviii;; of 
the , .flit tneit l-e i.rtrateil. .hooins the uacl Usote atrl J-'.ila.n of 
tttr, atth-tlece. That tit-,. tog ttlTtscoU Uie cotic.l torface of the 
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Boffit as if it were tpread outjlal, and h called tlie “ devclopmtnl ” of that 
curved surface. In general it is sufficient to draw onc-lialf of the soffit, 
the other half being similar. The following arc the processes by which 
that drawing is prepared 

.1. To draw the development of the aojpt, and of its vertical sections on 
the slew . — In 1, Ko. 2 represents a plan of one-half of the arch, 

Ftj. 1. 



HAK being the crown of the soffit, and IBL the face of the one of the 
abutments. Tho lino ACD rcprc<cnU the po*ilion of a vertical section 
on the slew, and AED, pcrpendictilar to UK, that of a vertical section on 
the square ; B«\D being the angle of obli<jnity. 

Assume any convenient namher of I'omfs in III, throngh which draw 
a sit of lines (such as ECI'O) parallel to UK. and also a set of lines per- 
pendicular to HI. Draw OB parallel to 1(1, ending iljesc lines : and on 
OD as half-span, construct the vertical section of the arcli on f/<e sktir, 
represented by No. I, in which ACB is the line on the luffit ccirres]<inding 
to ACB in No. 2. 

Construct the vertical section on the square. {'So. 3.) I y drawing 01) j aral- 
Icl to AD to represent the half.span on the s'ltiarc, and tran'hmng the onli- 
nates of No. 1 to the corrc‘j*ondiag|>yiiiUii» No. 3 , for exam j Ic, TC to GU 

Then construct the dcTclopmrnt No. 4 n the Allowing niai.ner:— 
Produce the centre line of the rcffit, Il.\K.\tHI.VK. I'rom aay cva- 
venient point A, ( No. 4,) draw .Mill j-cri'cnJicrlar to UK, in which laLo 
dlrtances All, Al), »lc., Ae., Ci|ual ia Icipth to the an* .Ml, AD, Ac., 
which arc] cut off on the cunc AlID, (Nv, 3.) ly it* (crtral trJmitfs. 
Then will tho straight line Al'D, (No 4,) t'O the ilrvcl’ j !i.rr.t tf the 
ereti'on on tie square, AKD, (No*. 2 an 1 3) Tl rough tl e j- irt« < f diri- 
slon of ADD, (No. 4,) draw hoc* ptulhl to UK, lU'h a« KC, IDBL, 
•JLc , <>u which lay eff cnlmatc*, such a* KC, DB, Ac., m j«tU«ly, 

to the corn'‘l>oiiding ordmatc', KC, DB, Ac , n the j’t-. «,) 

threugh the ends of ihusc crLnatct draw a cerve ACB, (No. 4) ; tL:i 
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The line in ^vhieh all the planes that pass throngh the vertical joints 
intersect, is called the axis of the dome. The circumference of the hori- 
zontal circle, ^hich passes throngli the centre of the spheric surface, is 
called the equatorial circumference, and any portion of this curve is called 
nn equatorial arc. Tlie circnmferences of all the courses of stones above 
the base or springing^line of the dome, which are parallel to the equatorial 
circle, are called parallels of alUtude. The intersection of the axis and the 
spheric surface is called the pole of the dome. The arcs, between the polo 
and the base of the dome, of the circles formed on the curved suiface by 
planes which pass along the axis, are called the meridians, and any portion 
of these meridians are called meridional arcs. The conical surfaces of the 
coursing joints terminate npon the hemispheric surface of the dome in 
parallels of altitude, and the surfaces of the vertical joints terminate in 
the meridional arcs. • 

Hence, in domes where the extrados and intrados arc obtained by con- 
centric hemispherical smfacc.s, two apparent sides of each stone, contained 
between two meridional arcs and the arcs of two parallel circles, are 
spheric rectangles, the two sides, forming their vertical joints, being two 
equal and similar frusta of circular sectors ; and the other two sides, form- 
ing the beds of the stones, are frusta of conic surfaces. 

It is universally admitted, by those who have paid attention to the 
forms of domes, tliat the strictly semi-circular sectional shape ii wanting 
in grace and that imposing effect of altitude and dignity so eminently 
conducive to grandeur of result, and more particularly for its strength. 
The upper part of a scmi-circular dome presenting a surface for somo 
extent comparatively flat, docs not offer the advantages for equalising 
tho pressure around i(s centre and somo distance down towards its 
springing, ns a dome worked from two centres. In illustmtion of this, 
wc refer our readers to ihe Plate, No. XLVIIL, in which it will be observ- 
ed, that satisfactory effects may be produced by using the most simple 
means with the greatest facility, by adopting tho p.arabolic or catenarian 
forms, such as were employed at St. Peter's, at Porno; the Pantheon, 
Paris ; and St. Paul’s Cathedral, London. 

In producing the peculiar form o! dome, as shown, Fi^. 1, divide tlio 
internal base lino AB into 7 equal parts, then erect tho perpendicular 
lino DCE at right angles to it, and from tho centre D describe tho semi- 
circlo AOB, ns shown hy tho dotted line, which in contrast with tho 
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Hoc of tliG oater dome, as displayed at 1, 2, 3, 4, dec., prores tho 
inferiority of the purely semi-circalar form. 

To find the centre for describing tbe outer curre of the dome, at Iho 
division G of the base line AB, make the line CG at right angles to it, 
and eqxial to one-fourth of one of tho divisions Al— -1, 2, ic., when tho 
point G gives the centre from whence the outer curve is drawn, and also 
is tbe centre from which all the joints mnst radiate that form tho outer 
crust of tlie dome. F is the cornice at the springing of the dome, and 
below it is a portion of what is techincally called the drum or tambour of 
the structure. It is most desirable to give to the base of the dome a 
portion of the vertical above the cornice, to compensate for a part of tho 
fore-shortening in perspective, caused by the projection of the cornice, aud 
prevent that appearance of the cur%e having been described mnch below 
tbe uppermost line of the cornice. 

/*iy. 2 is the half plan of the dome, taken through tlic lantern, with its 
conuco aiid tambour, showing all the horizontal and vertical joints of the 
work. It is scarcely necessary to observe, as will be seen, that the whole 
of the vertical joints must tend accurately to the centre 0. 

Fij 3 exhibits the elevation of a dome in peripevtive, on which the 
two usual modes of construction arc illustrated. The left ride is formed in 
horizontal courses, and the right by means of stone nbs, filled in between 
with rubble-work or concrete, the latter mode, having been adopted in 
the building of the Panlbcon, at Home. XXXXXX is the equatorial 
line of the dome ; the lines dd, <e, Jf, and yy, ic., are the parallels of 
altitude. 

/■'iy. 4, illustrates the form of the stones required in the constmclion 
of a dome of this description. Bl shows the shape Of the stone in 
perspective, after having been hewn from the rough block. B3, is the 
plan of the stone at its lower bed, and B2 is its end elevation. It has 
been already observed, that tbe whole of »uch stones arc eplierica] rectan- 
gles, the exlrados, or upper surfaces, of which, are of course convex, and 
their intrados, or under surface concave. In the sectional cut through 
the dome, at 0 , n, ri, f, k, and h, the ends of tbe stones are seen in per- 
spective, and at D Is shown a void or opening at the top, with the base 
for a lantern. 

375. Constructively considered, it mcsl l-e borne in mind that the 
stability of a dome depends open the proper application and aetica of a 
Tou i.^Ttiisn rsiTiox. 3 c 
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line ol tlie ontcr dome, as displayed at 1, 2, 3, 4, drc., proves the 
inferiority of the purely scmUcircular form. 

To find the centre for describing the outer curve of the dome, at the 
division C of the base line AB, make the line GG at right angles to it, 
and cq^ual to onc-fonrth of one of the divisions Al— 1, 2, d.c., ^hen the 
point G gives the centre from ubence the outer curve is drawn, and also 
is the centre ironi which all the joints must radiate that form the outer 
crust of the dome. F is the cornice at the springing of the dome, and 
below it is a portion of what is techincally called the drum or tambour of 
the structure. It is most desirable to give to the base of the dome a 
portion of the vertical above the cornice, to compensate for a part of tho 
fore-shortening in perspective, caused by the projection of the comice, and 
p^e^ent that appearance of the curve having been described much below 
the uppermost line of the cornice. 

Fig. 2 is the half plan of the dome, taken through the lantern, with its 
cornico mid tambour, sliowing all the horizontal and vertical Joints of the 
work. It is scarcely necessary to observe, os will be seen, that the whol.e 
of the vertical joints must tend accurately to tho centre 0. 

Fig. 3 exhibits the elevation of a dome m perspective, on which the 
two usual modes of construction are illustrated. The left side is formed in 
horizontal courses, and the right by means of stone ribs, filled in between 
with rubble-work or concrete, the latter mode, baving been adopted in 
tlie building of the Pantiicon, at Borne. XXXXXX is the equatorial 
line of the dome ; the lines dd, ee, Jf, and gg, &c., ere the parallels of 
altitude. 

Fig. 4, illustrates the form of the stones required iu the construction 
of a dome of this description. B1 shows the shape Of the stoue iu 
perspective, after haring been hewn from the rough block. B3, is the 
plan of the stone at its lower bed, and B2 is its end elevation. It has 
been already observed, that the whole of such stones arc spherical rectan- 
gles, the extrados, or upper surfaces, of which, arc of course convex, and 
their intraJos, or under surface concave. In the sectional cut through 
the dome, at o, n, m, I, k, and h, the ends of the stones are seen in per- 
spective, and at D is shown a void or opening at the top, with the base 
for a lantern. 

375. Constructively considered, it must be borne in mind that the 
stability of a dome depends upon the proper application and action of a 
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very dilTerenl principal, from ftat which operates in the case of tho 
ordinary arch} and, as a general role, being correctly built ^rith reference 
to such different and peculiar principle, its relative security and power 
Is greater and more extended. The dome also differs in another im- 
portant point, namely, it may be left unperfected, or open at the npoi' or 
top, as represented in the Piau just referred to. This is owing to tho 
several joints of the masonry being formed to tend equally in every part 
to tho centre of the hemisphero as a common centre. 'In an arch of 
equilibrium, therefore, such as the dome essentially is, the open apex or 
unclosed top, may exist without prejudice to its power of sustaining any 
minor or superincumboat structure, (such as the usual feature of a lantern 
before-mentioned,) the weight of which aliall not exceed that of the 
crowning circular segment' of llie dome which is omitted. A load greater 
than this wonld so act as to dislodge the upper portion of the dome, 
by causing an upward spring or tendency in some of the courses near 
tho opening. 

376. If a dome rises nearly rerlical with its form spherical, and of 
equal thichness, it should be conCncd by n chain or hoop, ns soon ns tho 
rise reaches to about -{^Ihs of the whole diauictcr, in order that the lower 
parts may not bo forced out; hut if the masonry ho dlmimshod in thickness 
os it rises, this precaution will not be necessary, 

MTicrc the weight of n dome is equally dislribiiled orcr the area, then 
the curve of equilibrium is a cubic parabola, and if ^ih of the weight 
fiopported bo multiplied Ly tlio diameter, and the result dirided by tho 
rise, t!>e quotient is the horizontal thrust endmg to separate and over-set 
the supporting wall. 

^Vhen tho weight incrc.%sc3 from iho centre to tho clrcumforciico 
in proportion to tho distance from tho centre, then tho curve is a bi- 
quadrate parabola, Ith of the weight slioald bo taken instead cf ^th. 

T!io horizontal thrust of the dome will bo wholly counteracted by a 
resistanco to tension in the circle, equivalent c»er)wIjero to ^ih the 
horizontal thrust; and when this strain is amply proiidrd for, either 
by the bond and substance of the walla at tho springing, or by chains of 
iron, the dome will be secure at whatever height from the ground it may 
Bjiring, if the vertical walls or pillara bo enfilcicntly strong to resiit tho 
weight upon them. 

377. VnuJtlng U an sppltcattoo of the arrii principle to a lengthen- 
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cd area; a vavU being an arched coTcrinj of greater or less continaanco, 
ppanning a more or less extended apace. 

A cylindrical vault is aunply a acmi-circular arch, tlio ends of nfhicb 
are closed by upriglit walls, os shown in Fij. 1. When a vault springs 
from all the sides of via plan, as in Fi(f. 2, it is said to bo coved. \Vhca 


Fj^. 1. Fiy. 2. I’jy. 8, Fi^. 4. 



two cylindrical vaults intersect each other, as in Fltj. 3, the intersections 
of the vaulting surfaces are called groins, and the vault is said to be 
jroiwcd. 

In the Roman style of arcbiteclnre, and in nil common vanlting, the 
vaulting surfaces of the several compartments arc portions of a con- 
iinoons cylindrical surface, and the proSle of a groin is simply an oblit^oo 
section of a semi-cylinder. 

Gothic ribbed vaulting is, however, constructed on a totally different 
principle. It consists of a frame-work of light stone ribs snpporting 
thin panels, whence this mode of construction has obtained the name of 
rib and panel vaulting. The curvature of the diagonal ribs or cross 
springers, and of the intermediate ribs, is not governed in any way by 
the form of the transverse section of the vault, and in this consists the 
peculiarity of ribbed vaulting. This will bo understood by a comparison 
of Figs. 3 and 4. 

In Roman vaulting when the diameter of the intersecting circnlar 
cylinder are inequal, the vault is called by workmen a TFeM groin. 

378. Principles of -It is beyond the province of this 

work to describe in detail the mode of constniction of the nnmerons and 
varied kinds of ribbed vaulting adopted in different countries and ages : 
and which adorn the Cathedrals of England and Europe. 

The principal mediajval forms were the “ Plain ribbed, ” the “ Liemc ” 
and the “ Fan ” vaults : differing much from one another In architectural 
design and mechanical construction. Ribbed vanlting subsequently fell into 
disuse and the principle of solid vaulting with elliptic groins was renewed. 




882 


AIU;siKG. 


For the TaaUs none bat the best and hardest briclts should be used, the 
joints should be as fine as possible, and cemented 'uith hydraulic mortar 
very thoroughly ground. 

In vaults not intended to bear any great extra weight, the mortar 
should be allowed to set tboronghly before the removal of the center- 
ing, especially as from their thinness and exposure to the atmosphere, 
it will be difficult to prevent the joints from setting partially before 
the vault is completed, and this partial setting would probably be the 
Cause of cracks in the vault from unequal resistance to the settlement of 
the brick-work. 

381, Centermy.— A substantial centering to support the whole roof, 
must be prepared ; but if it is not probable that the centering will soon 
be required for other buildings, it will often be more economical to adopt 
the Indian mode, consisting of numerous pillars of bricks cemented with 
mud, connected at lop with strong rough timber, over which is laid brick- 
work, like that of the pillars, to obtain the curve intended for the vault, 
wbieh is finished and made quite smooth, by a plaster of soorkee mixed 
with cow-dung. The curve should be gauged with wooden frames like 
«n inverted arch, to ensure its accuracy, and it will be well to mark on the 
sides of thU gauge, the joints of the intended arch, so as to render it easy 
for the bricklayers, by having two or three of them on the roof, to lay each 
course of bricks at right angles with the corve of the arch, by atretchiug a 
string through holes made iu the gonge. 

Small holes should be left at intervals in the centering above described, 
to carry off the supcrfiaous water (which should be plentifully used) in diy 
weather, and the rain water, in wet. 

This kind of centering costs little more than the labor, sioco all the 
bricks may be afterwards employed in making the floors, or drains of 
the building. If, however, a morablo centering is perferred, it should 
ho made with wooden ribs whose upper surface is planed to the enrvo 
required, the ribs being supported by struts either from brick pil- 
lars, or wooden posts carried to the height of the springing, and sup- 
porting a tie-beam or sill with the intervention of wooden wedges for 
lowering it. 

Across the ribs in the direction of the purlins of o roof is phaced 
the lagging, consisting of strong bamboos, fir lathes, about 2 inches 
square, or other similar material ; by making all the parts of s center- 
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inj of BiicK Btrcnglh as to bear the strain npon it witliont deflection, 
and by entting ns few mortices as possible, the timber will be almost 
uninjured, nnd the cost will bo limited to that of the labor employed 
in its erection ; wide planking should not be used in India as lagging, ns 
it is very opt to warp. 

382. When the centerings are fixed and materials all at hand, a sufii- 
cient number of bricklayers should be ready to carry on the work by even 
courses nil round, so that no part of the arch should bo built up higher 
than another, by which means an equal pressure is inaiiitnined. 

The joints should be as fine as {wssible, and each brick should be bedded 
into the cement and worked firmly into its place, where it should be fixed 
with one or two blows of llic hand or a small wooden mallet. 

Tiic courses should break joint with each other, making the joints of 
every upper course fall as nearly ns possible upon tbc middle of the bricks 
in the course imrac<lialely beneath it. Tins principle should be stiictly 
adhered to in every kind of building, for in all the various modes of laying 
stones or bricks, tlie uniform object is to obtain the greatest lap of ono 
over the other. 

By moulding a proportion of the ardi bricks half brcaillli, and placing 
a half brick oecasionaMj, the joints may \>c wade to fall exactly in the 
middle of tliO'C in the course below. The joints between the courses 
should be tts fine a* possible, and the last courses forming the keying of the 
arch sbonld be put in very tight. 

This should be done, not by hammering the keying bricks, but by 
taking ctire to leave a space at the crown somewhat less than the thick- 
ness of the last brick ur two bricks to bo placed, and by then inserting 
two planks with wedges between them, by driving which the aperture may 
bo increased so as to admit the keying bricks without the application of any 
great force. Another advantage will be that the joints on each side of 
the crown will bo thereby compressed to the same extent as, or even to a 
greater, than those lower down the arch, which have been compressed by 
the hammering of each layer of brick by wooden hand-mauls, and by the 
weight of the brickwoik subsequently laid upon them. 

Tbc centering or support to tbs roof may remain up till the brickwoik 
is slightly dried, and is then to bo carefully removed by lowering it gra- 
dually, By allowing arcb-roofed baildings to remain one rainy season 
without plaster or terrace on the roof, the outer surface becomes less 
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These roofs shotiH be plastered inside, and coTcrod with a well beaten 
terrace outsulc; the beating requires care, but can be effected withont 
the slightest injury, if the voussoirs are sound; the roof is then wea- 
ther-tight, and indestructible ; and in many countries less costly too, 
than a well-timbered roof of eqnal span, and not requiring thicker 
walls than are usually built in India for flat and pitched roofs: of course 
these roofs must not be carried to an extent that would crush the materials. 

The only chance of subsequent faituro arises from the presence of 
crystallizing sMts in the pottery: this would cause gradual decay of the 
voussoirs, which would communicate itself to the mortar : roofs of this 
kind exist over some gunsheds in the Fort at Agra, and although in 
many parts of the Fort corrosion by the efflorescence of salts is very des- 
tructive, these roofs appear to have escaped its influence. 

385, SindhRoof. — The constmetion of the peculiar hexagonal 
tiles used in this kind of roof has been already described in para. 60. 
This roof is very light, and the use of a centering can generally be dis- 
pensed with. 

It is also cheap, costiog Its. $ per 100 square feet, measured on the 
Toussoir portion only, which is about equal to the area of the floor of 
each room. This rate covers the outside plaster (of mud.) IVhere lime 
plaster is used, of course the vault costs proportionally more. The Sindh 
bricklayers are very dexterous in using these voussoirs, and the roof of 
one of the rooms (18 X 22 feet) of a District Bungalow, was vaulted in 
two days by two bricklayers. 

The Syrian roof of course possesses the same advantage of quick con- 
struction, where seasoned timber is not procurable, but it is not quite so 
qnick as the voussoir plan, as the construction and removal of the center- 
ing occupy time. 

The mode of constructing a vault with Sindh tiles is illustrated in the 
accompanying figure, which is a developed plan of a vanlt during construc- 
tion, as seen when looking down npon it from above. 

The side and end walls haviag been carried up to the requisite full 
height, the first voussoir (1 in figure) is let into the end wall (at the crown 
of the curve) ; other TOu«soirs (2, 8, to7 in figure) at proper intervals are then 
similarly let into the wall, till the haunches are reached. About one-half 
of each voussoir ought to project beyond the face of the wall, (inwards to- 
wards the room being roofed in), and the interval between each should be 
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safSdently large for the reception of half a roassoir and its cement. The 
Taulting is then commencetl at tbo angles, which are gradual!/ filled in, 
each course of ronssoirs being commenced at the end wall, and carried 
obliquely down to the haunch in the following manner i~Tbe sides of 
Voussoirs 6 and 7, and the face of the bit of wall between them being 
covered with cement, No. 8 roussoir is thrust in (care being taken in 
doing so to keep ike top parallel to the direction of the vault) with two 
or three blows from the hand. It penetrates like a Wedge, making the 
joints quite smooth. After this, the joints should be closed above and 
below, to make them air-tight, tUI the eJay has stiffened a little. No. 9 
See/icn of JIoHov) rjawm SeclionO,r>, 



n«i tUpti plan 0/ Vault in <«ttru <>/ csiufmSen. 
rxD Wiit,, 



is then thrnst into its place in the same way as No. 8, forcing the latter, 
if it is possible, still lighter into its place. Ibis completed, No. 10 in the 
nest course is placed; and so on throughout the whole length of tbo vault. 
The numbers on the figure denote the order in which the voussoirs ore 
inserted. 

It will be observed, that by laying the roussoir course along the haun- 
ches of the vault in advance of the courses higher up, any settlement at 
the crown is prevented. Twosidesof cachvoussoirbeingpcrpendicular to 
the direction of the course, they are directly opposed to any settlement. 
The vault is kept in the proper curve by a circular piece of plank, stand- 
ing on the projecting bricks of the cornice; and so little settlement takes 
place, that this can bo made to slide back nndcr the completed portion of 
the vault. 
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The Toassoira ion about 450 to 100 square feet, and a workman toler- 
bly expert can rault 40 square feet in a day. From the small number 
of roussoirs required, and the small quantity of cement used, he requires 
very little assistance. 

In all the vaults constructed on this plan, mud and bhoosa has been 
the cement used, and it has been found quite snSlcient. Being thrown 
against the roussoirs, and spread with the hand, it vrill bo found more 
expeditious than chunam, and of course more economical. 

Before commencing to construct the vault as just described, it is well 
to carry their haunches up as far as ever they will stand securely without 
the assistance of the thrust from the vault, for the moro the centre of 
gravity of the wall and hannch is brought inwards in this manner, tho 
greater is the stability of the structure when completed. It was found 
from experiment that the haunches of a semi-circular vault of 15 feet span 
could bo carried up to a height of 5 feet. To prevent, however, accidents 
from a number of workpeople congregating on them before the vaulting 
was commenced, the haunches were carried up to a height of 4 feet in the 
first instance, completing them to tho requisite height while the vaulting 
was being executed. 



CHAPTEE XIX. 

FOTJIIDATIONS. 

386. The term JFoundation is used indifferently either for the lower 
courses of a structure of masonry, or for the artificial arrangement, of 
whatever character it may be, on which these courses rest, and which may 
be more precisely termed the bed of the foundation. The latter alone 
will be treated of here. 

The strength and durability of structures of masonry depend essential- 
ly upon the bed of the foundation. In arranging this, regard must be 
had not only to the permanent eSorts which tbe bed may have to support, 
bat to those of an accidental character. It should, in all cases, be placed 
60 far below the surface of the soil on which it rests, that it will not bo 
liable to be uncovered, or exposed ; and its surface should not only be 
normal to the resultant of the efforts which it sustains, but this resultant 
should intersect the base of tbe bed so far within it, that tbo portion of the 
soil between this point of intersection and the outward edge, of tbe base, 
shall be broad enough to prevent its yielding from the pressure thrown onit. 

387' The object to be attained in the construction of any foundation is, 
to form such s solid base for the superstructure that no movement ^h&ll take 
place after its erection. We must bear in mind that all structures built 
of coursed-masonry (whether brick or stone) will settle to a certain extent, 
and that, with a few exceptions, all soils will become compressed, more or 
less, under the weight of a building, however trifling its characler. Our 
aim, therefore, will be not so much to attempt to prevent settlement, ns to 
ensure that it shall bo uniform, so that tbe superstructure may remain 
without crack or flaw, however irregularly disposed over the area of its site, 
and it cannot bo too strongly impressed on the mind of the reader, that 
it is not an unyielding, but a uniformly yielding foundation that is required, 
and that it is not the amount, so much as tbe inefptality of settlement 
lliat does tliO mischief. 

Tlic second great principle in preparing foundations is, to prevent tho 
lateral escape of tho supporting material. 

llic p'inciples, therefore, to bo kept in view in tho treatment of all 
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cases ^herc tho sataral soil is at all qF a dotilitfal character,* may be thos 
briefly slated :> — 

1st. To distribnlo the weight of the strnctaro over a largo area of 
bearing snrface. 

2nd. To prerent the lateral escape of the supporting material. 

388. Nature of Subsoils. — ^Tlie first preparatory step to be taken, 
in determining tho kind of bed reqiiirwl, is to ascertain the nature of the 
Bub'oil on which the Btruclnre is to be raised. This may be done, in or- 
dinary cases, by sinking a pit ; but where the subsoil is composed of various 
strata, and the structure demands extraordinary precaution, borings must 
be made with the tools usnallj employed for this purpose. 

389. With respect to foundations, soils are usually divided into three 
classes:— 

The 1st class consists of soils which arc incompressible, or at least, so 
slightly compressible, as not to effect the stability of the heaviest masses 
laid upon them, and which, at the same time, do not yield in a lateral 
direction. Solid rock, some tufas, compact stony soils, hard clay wluch 
yields only to the pick, or to blasting, belong to this class. 

The ^od class consists of soils which are incompressible, but rcc^uire to 
he confined laterally, to prevent them from spreading oat. Fore gravel 
and sand belong to this class. 

The 3rd class consists of all the varieties of compressible soils ; under 
which head may be arranged ordinary clay, the common earths, and marshy 
soils. Some of this class are found in a more or less compact state, and 
are compressible only to a certain extent, as most of the varitics of clay 
and common earth ; others arc found in an almost fluid state, and yield 
with facility in every direction. 

390. .Boefc.— To prepare Ihched for a foundation on rock, the thickness 
of the stratum of rock should first be ascertained, if there are any doubts 
respecting It : and if there is any reason to suppose that the stratum has 
not sufficient strength to hear the weight of the structure, it should be 
tested by a trial weight, at least twice as great as the one it will have to 
bear permanently. Tho rock is next properly prepared to receive the 
foundation courses, by levclliog its surface, which is effected by breaking 
down all projecting points, and filling up cavities with concrete (which 
once set is nearly incompressible with anjtbing short of a crushing 
force, whereas in masonry, (he compression of the mortar joints is certain 
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to caase some irregnlar ecttlement), and by carefully removing any por- 
tions of the upper stratum U’hicb present indications of having been injared 
by tho weather. The surface, prepared in this manner, should, morcoverj 
be perpendicular to the direction of the pressure j if this is vertical, tho 
surface should bo horizontal; and so foe any other direction of the pres- 
sure. If, owing to a great declivity of the surface, the whole cannot be 
brought to the same level, the rode most be broken into steps, in order 
that the bottom conrscs of the foundation throughout, may rest on a sur- 
face perpendicular to the direction of the pressure. If fissures or cavities 
arc met with, of so great an extent as to render the filling them with 
masonry too expensive, an arch must then be formed, resting on the two 
sides of the fissure, to support that part of the structure above it. Tho 
slaty rocks require most care in preparing them to receive a foundation, 
as their top stratum will generally bo found injured to a greater or less 
depth by the action of frost. 

391. Hard Earths.-^l^ stonyearths and Jiard clay, tho bed is pre- 
pared by digging a trench wide enough to receive tho foundation, and 
deep enough to reach the compact soil which has not been injured by the 
action of frost or heavy rain: a trench from 4 to C feet, will generally be 
deep cnongh for this purpose. ' 

In dealing with clny, tho less it can be exposed to thooirand the sooner 
it can be covered up, tbc better for the work. If tho foundations are not 
so deep as to bo beyond the infloence of alternate droughts and moisture, 
heat and cold, the bottom of the foundation pit must be covered with a 
concrete stratum (as described in next para.), othorwiso the budding may 
become rent or seriously injured by tho contraction or expansion of tho 
ground on which it rests. 

In compact gravel, and sand, where there is no liability to lateral yield, 
ing, cither from tho action of rain or any other cause, the bed may bo 
prepared as in the case of stony earths. If there is danger from lateral 
yielding, tho part on which tho foundation is to rest must bo secured by 
confining it laterally by means of sheeting piles, or in any other way that 
will offer sufiidcnl security. 

392- ConprewiWe The beds of foundations in comprcssiblo 

soils require pccnllar care, particularly when the soil is not homogeneous, 
presenting more resistance to pressure in one point than in another ; for, 
in that case, it wUl be very difficult to guard against unequal settling. 
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Iq ordinary clay, or earth, n trench is dng of the proper width, and the 
bottom of the trench is Icrelled off to rcccitc o foundation of beton. 

Tlie preparation of an area of beton for the bed of n foondation, will 
depend on the circumstances of the case. In ordinary eases, the beton is 
spread In the trench, nnd carefully rammed in layers of G or 9 Inches, until 
the mortar collects in a semi-fimd state on the top of the layer. If the 
ba«c of the hed is to be broader than the lop, its sides most be confined 
by boards suitably arranged for this purpose. Wicncrcr a layer Is left in- 
complete at one end, nnd another is laid upon it, an off-set should bo left 
nt the nnfini<shcd extremity, for the purpose of connecting the two layers 
more firmly when the work on the nnfinishetl part Is resumed. 

393. TTet Soils , — ‘When the soil under the bed Is liable to injury 
from springs, they must he ent off, nnd np area of beton sbonld compose 
the bed, which should bo confined on all sides between walls of stone or 
Wton sunk below the bottom of Ibe bed. 

^Vhen springs rise tbrongb the soil otcr which the bdton is to be spread, 
the water from them most either be contcyed off by nrtifical channels, 
which will prcTcnt it rising through the mass of b^ton, and washing ont 
the lime ; or else strong cloth, prepared so as to be impcrrocablc to water, 
may bo laid orer the surface of the soil to rcccire the bed of beton. When 
artificial channels are used, they may be completely choked subsequently 
by injecting Into them a semi-fluid hydraulic cement, and the notion of 
the springs be thus completely destroyed. 

If, in opening a trench in sand, water is found at a slight depth, and 
in sneh qnanlity as to impede the labors of the workmen, and the trench 
cannot be kept dry by the use of pumps, or scoops, a row of sheeting piles 
may he driren on each side of the space occupied by it, somewhat below 
the bottom of the bed, the sand on the outside of the sheeting piles being 
thrown ont, and its place filled with a puddling of clay, to form a water- 
tight enclosnro round the trench. The cxcaTalion for the bod is then 
commenced ; bnt if it bo found that the water still makes rapidly at the 
bottom, only a small portion of the trench must be opened, and after the 
lower conrscs are laid in this portion, the cxcaTation will be gradually 
effected, os fast as the workmen can execute the work without difficulty 
from the water. 

394, Marshy Soils . — In marshy soils, tho principal difficulty con- 
sists in forming a bed sufficiently firm to gire stability to the structure, 
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OTnng to the yielding nature of the soil in nil directions. Although the 
difficulties of building upon treacheroas soil are great, they are not 
unsurmountahle; and where capital and talent arc available, satisfactory 
resnlts arc almost invariably obtained. 

The following five methods are simple expedients for providing a firm 
foundation bed in marshy soil, any one of which may be adopted with 
success according to circumstances. The first, and beyond question the 
best, is to drive piles down to the hard substratum underlying the alluvial 
deposit, fas described in more detail in the next paragraph,) to planfc 
over their heads, aud to build on the platform so made; the same object 
may be attained, usually at greater cost, by excavating down to the hard 
bollom, and filling up the trench with concrete. 

The second system was adopted by General Gilmore in constructing the 
“ Swamp Angel " battery, used in the siege of Charleston. It consists in 
driving sheeting piles down to the liard bottom, but not necessarily into it, 
BO as to enclose a circular or rectangular column of alluvium. On top of 
(his, hurdles or fascines are laid, and over these a timber platform which will 
carry guns, or, if need be, a fort. Tim theory of llic arrangement is, that 
before the Bupcrstructare can sink into the mass oi loose earth, n portion o! 
the latter must be displaced latcrolly, in a way that may be best e.xpre8sed 
by the theory of the fluidity of solids, as defined by M. Tresca and others. 
The sliecting piles prevent this displacement, and the load is supported 
much as thongh it reposed on the ram of a gigantic hydraulic press, of 
which the piles formed the cylinder, while the semi-solid mud look the 
place of the water. Such an expedient should bo resorted to with much 
caution, os the stability of the structure depends altogether on the power 
which the sheeting piles possess of resisting pressure from within. 

Tlic third is also a plan which may oflen be pursued witli success. Short 
piles from C to 12 feet long, and from C to 9 inches in diameter, arc 
driven into the soil ns cicsc together ns they can he crowded, over an 
nrca considerably greater than that which the structure is to occupy. 
Tlic heads of tho piles are accurately brought to a level to rcceivo a gril- 
lage and platform; or else a layer of clay, from I to C feet thick, is laid 
over tho nrca thus prepared with pilc«, and is cither solidly rammed in 
layers of a foot thick, or submjltcd to a very heavy pressure for some time 
before commencing the foundations. The object of preparing the bed in 
this manner, is to give the upper stratum of the soil all the firmness 
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possible, subjecting it to a strong compression from the piles; and nhen 
this has been ejected, to procure a firm bed for the lowest course of the 
foundation by the grillage, or clay bed; by these means the whole pres- 
sure will be uniformly liistribnled tbrongbont the entire area. Tliis caso 
is afso one in which a bed of bdton would replace, with great adrantage, 
either the one of clay, or the grillage. 

The practice, howerer, of driving small piles into thegronnd to consoli- 
date it, is considered by many Engineers as having the effect only of 
pounding up the soil, and bringing it into a state which can best bo 
described by comparing it to hatter pudding. 

Instead of driving piles in these cases, if the ground, though soft, is of 
tolerable consistency, a better plan is the fourth method now recommend- 
ed, viz., to lore holes with a large auger to a considerable depth, and to 
fill them with sand, which from its properly of acting almost as a flnid, 
Is a most valnable material for distributing pressure over a largo area of 
surface. In the caso of a timber pile, the pressure is tiansmitted only in 
the direction of its length ; but a sand pile transmits the pressure laid on it, 
not only to the bottom, but to the sides of the excavation, and docs not injure 
the ground by vibration. It must be borne in mind that sand piling is 
.inapplicable in very loose wet soils, as the sand would work into the sur- 
rounding ground. 

Tlio fifth system may bo described as consisting in constructing an 
extended platform of timber, which will diffn«e the insistent weight over 
BO large an area, that, what we msy term, the co-effieient of resistance 
proper to the soil of the marsh may not be exceeded, and the work will 
tberefore, so to speak, float as though on a raft, or be carried like a 
man in snow shoes. It is evident that this system can only be properly 
applied on a comparatively small scale, and in any case, much enro 
should be taken not only to make the platform sufficiently large, but to 
construct it in such a way, that it may not yield where the load la great- 
est, while portions lc<s severely taxed remain at the surface. 

395. Piles. — To prepare the bed to receive the foundations accord- 
ing to the fii>l of the fire methods above-mentioned, strong piles are 
driven at equal distance apart, over the entire area on which the structure 
is to rest. Tlicse piles are driren, until they meet with a firm stratum 
below the compressible one, which offers suffirient resistance to prevent 
them from penetrating farther. 
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Piles are generally from 0 lo 18 iacUca iti dUmeter, a. lengtlv not 
above 20 times the diameter, ia order that they may not bend under the 
stroke of the ram. They are prepared for driving, by stripping them of 
their bark, and paring down the knots, so that the friction, in driving 
may be reduced as much as possible, Tlie head of the pile is usually en- 
circled by a strong hoop of wronght-iron, to prevent the pile fiom being 
split by tbe action of the ram. Hie foot of the pile may receive a shoe 
formed of ordinary boiler iron, well fitted and spiked on ; or a cast-iron 
shoe of a suitable form for penetrating the soil may be cast around a 
wrought-iron bolt, by means of which it is fastened to the pile. 

396. Pile A machine, termed n Pile Engine, is used for 

driving piles. It consists essentially of two iipriglits firmly connected at 
top by a cross piece, and of a ram ot monkey of cast-iron, for driving the 
pile by a force of percussion. Two kinds of engines are in nse; the one 
termed a Oretb engine, from the machinery used to hoist the ram to the 
height from wbicli it is to fall on the pile ; the other the Hinging engine, 
from the monkey being raised by the sudden pull of several men upon, a 
lOpe, by which the ram is drawn up a few feet to descend on the pile. The 
latter is generally used in India. 

397. In calculating the c/Tccts of a ram in driving a pile, an approxi- 

mate value may be obtained by assuming that the impact or force of the 
blow (in foot lbs.) where 

to = weight of ram in lbs., 
y =3 32 2 feet, 
h fall of ram in feet, 

and ’that in ordinary c.ascs if a pile will resist nn impact of a ton, it will 
bear without yielding apressure of I J tons. In practice 30 feet may be 
considered the greatest fall which can be used withont splitting the timber, 
and a ram e-xceeding two tons in weight would be very troublesome to move 
from place lo place. 

Tiie French civil engineers have adopted a rule to stop the driving, 
when the pile has arrived at its absolute sfqppaye, this being measured by 
the farther penetration into the eobsoil of about -j^ths of an inch, caused 
by ft volley of thirty blows from a ram of 800 lbs., falling from a height 
of 5 feet at each blow. Piles should, however, when practicable, be driven 
to an unyielding subsoil. 

■\Vhen a pile from breaking, or any other cause, has to be drawn out, it 
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is done by using a long beam as a lerer for tbo pnrposo ; the pile being 
attaclied to the lever by a cbain, or rope suitably adjusted. 

But in many cases, (as where sheet piling has been driven round tbo 
foundations of any work,) there will be the risk of the ground settling 
down to fill up the vacancy caused by drawing the piles : and in all such 
cases, the piles should nut be drawn, but cut olT at the level of the ground > 
or such level as may suit the requirements of the work, 

398. Tlie number of piles required, will be regulated by the weight 
of the structure. An allowance of 1000 D>s. oii each square inch of arc.! 
of head will ensure safety. The le.ist distance apart, at which the piles 
can be driven with e;isc, is about feet between their centres. If they 
arc more crowded than this, they may force each other up, as they are suc- 
cessively driven. 

From cxpcriiucnls carefully madeinPrancc,il appears that piles which rc- 
eist only in virtue of the friction arisingfrom the compression of tbesoil, can- 
not bo subjected with safety to a load greater than 0DC>Cfth of that which 
piles of the same dimensions wilt safely support when driven into a firm soil* 

After the piles ore driven, they are sawn olT to a level, to receive a gril- 
lage or platform on wiiich the lowest courses of masonry are laid. 

399. Sheet piles arc fiat piles, which Icing drircn suceessivciy edge to 
edge, form a vertical or.nearly vertical sheet for the purpose of preventing 
the materials of a foundation from spreading, Ac. 

They may bo any breadth that can readily bo procured, and from 2} to 
10 inches thick : and are sharpened at the lower end to an edge, which in 
stony ground may bo shod with sheet-iron. Sheeting piles should bo 
carefully fitted to each other before driving. In some cases it is worth 
while to tongue and groove the edges: but this is seldom done; and If 
the piles are perfectly parallel and truly drircn, the swelling of the wood 
when exposed to moUturc will generally secure a tight joint. 

400. Tlic objections to the cniploynjcnt of wooden piles in India are 
the numerous dc«truelivc agencies at work, and that, owing to the peculiar 
character of the water-courses, they would, when employed for bridges, bo 
alternately wet and dry, and would soon rot. 

UTicso obiections do not apply to /ron-jnlt*, which are now very mccli 
employed both in Kngland and India, and whicli pos^sa great aJrautages, 
c^pocially when used in the deep sandy beds of Indian rivers. 

401. Cast-iron piles are of two kind*, bearing piles and shetlirg 
piles. 
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TLe bearing piles may bo either solitl of section or hollow, (square 
or round.) Cast-iron piling will not last for any considerable length of 
time in sail water, as it becomes gradoally softened, so that it can be cut 
with a knife. In driving iron piles, it is especially necessary to confine 
the fall within narrower limits, as a fall exceeding 4 or 5 feet, would bo 
almost snro to fracture the metal. In all cases it is essential to interpose 
a piece of wood (called a punch or doU;/) between the ram and the pile head 
to deaden the blow, and distribute the force equally orcr the pile head. 

402. Preslagds Expanding Piles.— -On the Eastern Bengal Itailway, 
the worn out rails were utilized by Mr. Prestogo for iron piling. The 
emallobt form of jiilo was made of a pair of rails (weighing 21 lbs. to the 
foot), securely hooped together by wrooght-iron collars (o) at intervals: 
the separate lengths of rail breaking joint and being fished in the ordinary 
manner. A wedge (c) at the foot of the pile is securely held in that posi- 
tion by a wrought-iron stop b.ir, which parsing down from top to bottom 
between the rails, is bolted to the rails at the top by a jamb bolt. To the 
wedge arc secured two links J, d; the other end of each of which is attach- 
ed to an iron ^ing/. Figs. I and 3, shows the pile ready for driving. 

The pile is driven in the ordinary way by a monkey travtlling in guide 
frames. ‘When tie pile is down nearly to Ibo required depth, the stop bar 
is retnored, and on the monkey falling again ou the pile, which consists now 
only of the two rails, these slide over 
Iho wedge, causing (heir feet to 
spread slightly apart: at the same 
time (he links attached to the wedge 
being driven up towards a horizontal 
position, make Iho wings slightly 
expand; and os the driving continues, 
(ho full expansion of the rail-feet and 
wings is attained as shown in Pig. 2. 

Modifications of tins pile with Iho 
wings rivetted to Iho rails, and not 
hinged, were used; and larger piles 
an the same princijdo composed of a 
cluster of 8 rails were adopted, nhcro 
B greater length of piling was re- 
qtiirol; as of Course beyond a certain 
. 1 . 2 rail piles svould bc liable to bend. 
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403. Iron Scrtio Pi7«, tho mrcntion of Mr. Alexander Witcliell, are 
piles vrliidi arc screwed into the stratum in which they are to stand. Tim 
pile may be either of timber or iron, and that it may admit being easily 
lamed about its axis, should be cylindrical, or at all events octagonal. The 
screw blade, which is fixed on at tho foot of the pile, is usually of cast- 
iron, and seldom makes more than a single turn. Its diameter is from 
twice to eight times that of the shaft of the pile, and its pitch from one- 
half to one-fourth of its diameter. The best mode of driving screw piles 
is to apply tbo power of men or of animals, walking on a temporary plat- 
form, directly to levers radiating from the heads of the piles. 

As an example may be cited, the wrought-iron piles used in the piers of 
railway bridges on the Bombay and Baroda Ttailway. Each of tliese was 
screwed into tho ground by means of four levers, each 40 feet long, and 
each having eight bullocks yoked to it. According to this example, tho 
greatest working load upon each screw of 4 feel 6 inches in diameter, M- 
efurive of the earth and water above it, is nearly as follows 

Pier 25 tons + superstructure 12 + train 30 = C7 tons 150,080 
lbs., being at the rate of nearly 100 lbs. per square inch of the horizontal 
projection of the screw blade. 

As these piles arc screwed from 20 to 45 feet into the earth, the weight 
of earth above etch screw-blade may be token as ranging from 14 lbs. to 
30 &s. per sqnare inch ; so that the load on each screw blade, exclosivo 
of the weight of earth above it, ranges from 8 to 7 times that weight, and 
including the weight of earth, from 4 to 8 times. 

The chief uses of screw piles are to form the vertical supports of plat- 
forms of open-work piers, whether of timber or iron, and of such structures 
ns harbour-jetties and light-houses, and to fasten down permanent moor- 
ing-chains in harbours. 

404. Tubular Foundations. — ^Tho description of these hollow 
wrought-iron screw piles leads us naturally from the cons'idcratiou of Piles, 
to that of tubular foundations, which may be of cast-iron as used in 
Europe, or of masonry, as in the common icrii foundations of India. 

405. InoN TcBDLin Focbdatioxs consist of large hollow vertical cast- 
iron cylinders, filled with rubble masonry or concrete. 

The general construction of such cylinders and the mode of sinking 
them arc shown in Flate LI. Amongst the auxiliary structures and 
machinery not shown in the figure arc, a temporary timber stage from 
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whicli the pieces of the cylinder can be loTfored, atnl on which the cxca- 
vatcti material can he carried away; and a steam engine to work a pump 
for compressing air. 

The cylinder consists of lengths of about 9 feet, united by internal 
0anges and holts. The joints are cemented and made air-tight with a 
ircll-knOTTn composition, consisting of 

Iron turnings, J,000 parts by weight. 

' Sal-ammoniac, 10 „ . „ 

Flour of sulphur, 2 „ „ 

IVatcr enough to dissolve the sal-ammoniac. 

In some examples each joint is made tight by means of a ring-sbaped 
cord of vulcauued iudiaa rubber, lodged in a pair of grooves on tbe faces 
of the flanges, 

Tiie lowest lengtli, A, of the cylinder, has its lower edge shatpened, 
that it may sink tlio more readily into the giound. The intermediate 
lengths, C, C, and the uppcimost length, C, have ilangcs^.vt both edges, 
upper and lower. The portion D, at tbo fop, forms the “ bell.’' Tio 
lower edge of the bell has an intcnial flange by whicb it is loHed to tho 
cylinder below; its upper end is closed, and may bo either dome-shaped, , 
or flat, and streugtheued against the pressure of the air within by trons- 
rerso ribs, as in the flgure. In the example shown, the bell Is made of 
wrought-Iron boiler plates. 

E is a siphon, 2 or 3 inches in diameter, through which tho water is 
discharged by the pressure of tho compressed air. 

F and G arc two cost-iron boxes, called “ air-locks," by means ol wlijcli 
men and ulatcrials pass in and out. Each of them has at the top a trap 
door, or ltd opening dovrnwards from (ho external air, onU nt one side, a 
door opening toword the inlcrior of the boll, and is provided with slop 
cocks cumtnunlcating with the external oir, and with the interior of the 
bell respectively, which can be opened and closed by persons cither within 
the bell, within the box, or ontsidc of-both. These may bo called tlio 
escape cock and tlie snjiply cock. 

Tho bell is provided with o supply of pipe and valve for introducing 
comjircsacd air, a safety valve, a pressure gauge, and a largo escape valve 
for di'-clmrgiiig the compressed air snddcnly when rc(]tiired. 

At the loner flange of the division C is a timber platfunn, on which 
stands a windlass. 
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Tlip ftppsratn* i« rrpr('«i“nl<'l «« worVinff in n »lM!n*n of rsrlh or tmi!, 
OTPfpil «Uli nntrr. 

When \h<' finVinj of ili" CTlin-!<T lia^ l.fpn fonipVt^sl, it \* fillo-IVilJi 
nn'OTiTT, or with lirlranlic con^rcto. Alwit of tlio hnit-linj: 

‘frformptl in the ccnnprc««'^l Rir; the rrni*m<1‘T, with the rjlimlcr open 
»l the lop, the hcU hcinp rrnnTo.!. 

Caro rlionhl l-c lihcn to pneh the ronerete or nn«onrj- well l>clow, nnd 
'.0 betl it firmlp nt>orc each of th<* paira of ttilernal fiance^. 

In Tory soft tnalcriali il ia funMimoa nece«*iarr to ilrirc n act of l>ear- 
ing piles in the interior of each erlin ler, in onler to support the concrete 
nnil maconrr. 

Tlie carlicit inoJe of sinking iron Inl.nlar f.>nn<lation«, was that inTcnto<I 
hj Dr. Potta, in which the nir ia ex7«oti«rc</ Iw ft pump from the interior 
of the tnhe, wliich is forced diiwn hr the pressnre of tlie ntmo«phcre on tU 
closed top. This method is well airited for sinking tubes in soft mnteriftls 
that arc free from obstacles, which the edge of the tube c.annot cut throngli 
or force ^siJe— «uch as large stone*, root', pieces of timber, Ac.* 

408. y>ELt. Foc.vr>*Tto.vs. — Tlie general snbstiiutc for Iron TnbnJar 
foundations in India are WtU or DlocL Feundations, wliieb have been in 
use for very many years, and which arc pecnliarly ndapted to the deep 
sandy beds of Indian rirer«, and nr© extensircly n*cd both for bridges 
and buildings. A foundation may consi't of a number of wells, sunk 
close together, and connected together afterwards ; or of a block or blocks 
of masonry made to the required slinpe, and hating holes left in it of the 
same size as the wells ; the latter however requires experienced workmen, 

• and circular wells are therefore generally used. In both case^tlie method 
employed is the same. A wooden curb ('ticemc/««it^ of hard wood, and 
of a thickness ’;Arying from C to 18 inche*, is made of the size of tlie well 
or block, and lixed in position on the river bed. On this about 4 feet in 
height of masonry is bnilt; and when dry, the sand inside is scooped ont, 
so that the curb and masonry descend. Another 4 feet is then bnilt, and 
again the same process is resorted to, and the curb again made to descend 
until any required depth is attained. 

• Tbe siHhai of rinllng cytladm (or foandatkiiH bj ttie aid of eorapm<«d air, was Sr't rm> 
flojed at the Inejo orer the Medway at Bochestcr, eiecutot from the deigns of Elr WiUiasi 
CDbtt. 

It was at CjW int^d'd that the tabes iboatd be nab by tbe rthaiutlrc freren ; hot tV mnalna 
of an old timber bndg'. Imbedded In the mad at tbe bottom of the rlTer, m'kred that Impraeti* 
caUe ; and the compit e dTC proc ea was then inrcslolbythecoDbiictOT, Mr. Uaghes, MJ.C.E. 
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Great care lias to be taken Ibat the sand Is 'scooped out gradually and 
evenly all round, so that the masonry may not crack in its descent. Tlio 
masonry must be thoroughly bonded, and of the best materials. In im- 
portant 'works hoopriron and vertical iron rods in the masonry (vide 
para. 412) are used to give additional strength. 

407. The wells or blocks are cither driven down to the solid soil, clay, 
or knnkur, or rock ; or they m.ay he suspended as it were In the sand by 
mere friction, the force of which is very great. If this latter plan be resort- 
ed to, however, the depth of the wells mnst be considerable, to prevent a 
chance of the water tearing up the sand and exposing the foundations. 

In Madras, however, when the wells are used to carry Bridge pters, it U 
usual only to sink them about C feet in the sand, the piers being con- 
nected together both at their tip and down-stre.am ends by a lino of wells 
acting as curtain walls, to prevent a scour; a flooring of masonry or con- 
crete is also added between the piers, and a talus of loose stone is added 
on the down-slroam sides beyond the lower curtain walls as a further 
protection ngninsl scour, Tliis arrangement will bo seen in the plan of 
tho MarUunda Bridge, under the Section Buidoes. The total quantity of 
masonry employed is scarcely less than wonld bo required to sink the 
principal wells to a depth well below any possible scour, but it is generally 
a cheaper arrangement, from the great expense of sinking tlicm when 
tho depth is groat ; unless, however, there is plenty of material on the spot 
available for the talus, tlie arrangement is not to be recommended. 

The wells being finished, miy be filled in with brick or kunknr, arched 
over, and connected together by arches, on Die top of which the super- 
fitructurc is built, or they may be filled with concrete from the bottom, 
thus forming a series of solid cylinders. 

408. Tlic following is ,n description of the Block foundations used in 
the Solaui Aqueduct, on the Ganges Canal, by Lieut, (now Colonel) H. 
Yule, B.B., from tho “ li.E. Professional Papers.” ( PWe P/a/fs LII. 
and LIII.) 

Tlie fonnilalions of each pier consist of eight blocks of brick-work, roensnring 22 
feet by 20 in «nrfnce, anU 20 feet lo <lq-th sunk flQ«h with tho Ictcl of tho flooring 
of the waterway, nt intctrals of 2 feet D Inches only. Tiich block contains four shafts 
or Wells, in which the excavation wm carried on In the manner already des^rilcd. 

The principal blocks of tho nhiitments jneasarc 2C by 22 feet superficially. Thova 
luppotling the wings of the abutments are of rarioas inferior sires. 

There Is also a small block at eath end of every pier supporting the cut-waters ; and 
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a line of almost contigooas blocks forms a protecting cnrtain for the ^bole length of 
the bridge, on both op-stream and darnr-stream sides. The Trhole of these arc snnk 
to a depth of 30 feet. 

For the convenience of accounts, these foundation-blocks, whilst in progress, were 
divided into four classes, according to size { the first class embracing the large blocks 
of the abutments ; the second, those of the piers and ends of abutments ; the third, 
those on the e'cterior fianks of the ahntmeots ; and the fonrth, all the smaller blocks 
having only two shafts. The total somber of blocks is as follows 


First class, * *• •• 20 

Second,, •» •• •• •• *• 120 

Third 12 

Fourth „ •• •• •* •< •• 143 

‘ Total 234 


containing, when completed, about 1,700,000 cobic feet of brickwork. In this arc not 
inclndcd a number of other blocks connecting the abutments of the aqncdnct with the 
walls which inclose the earthen embankment across the valley. The position of these 
is shown by the unshaded blocks. 

In commencing thefoandationsof apicr,tbe8and was'dug ont within an inch or two 
of the water-level, and the position of the eight principal blocks marked off aecnrately 
from the axis of the aqoedact Curb-frames of whole timbers, running generally 
from 10 to 13 inches sqnarc were then laid down, levelled, and boilt os to a height of 
12 feet In bsUding, five bonds of boof^iron were laid in every foot of height, this 
way and that way alternately. The process of ondcrsinbng was then commenced, 
and the block sank dash v Ith (he water. The remaining 6 feet of masonry was then 
added, but without the use of hoop-iron, and when completed, nndcrstnking was re* 
oewed till the full depth was attained. 

In the first blocks which were bniU, the wells were octagonal in plan from bottom 
to top. Hat from a growiog conviction that this form, thongb adding to the mass of 
masonry, added nothing to its strength, from its destroying the bond of the brick- 
work, and inducing careless workmanship, first the vpper part of the blocks was built 
with rectangular shafts, and latterly the entire blocks were so constructed. Skew- 
backs V ere left near the top of every well (or a tbree-brick arch to > anlt it over, as 
well as on the exterior of each block In order to connect it with that adjoining | so 
that the foundation of a pier, when finished, presented a solid and continnons platform 
of brickwork, measuring 192 by 20 feet 

The lime nsed was derived from the limestone bouldcn gathered in the bed of the 
Ganges and its tributaries \ the mortar employed consisting of a mixture of lime and 
pounded brick, in the proportion of two-tlnrdsof the latter to one-third of the former. 


excavation on the lower side. In a few instances, from working the jkam {tide p. 404) 
too much towards the exterior of the larger walls, rents occurred w the masoniy.as if 
from the bogging or convexing of the curb-frame. As soon as these were perceived 
by the officer in liiarge, the work was directed ngoroosly towards the centre of each 
block, which alwap had the effect of completely tt-closlDg the fissures. 

Though the boring had given no rtstdt bnt sand to a depth of 32 feet, pt nader 
eomo of the piers, thin local beds of clay and rand were met with. These occaaosed 
VOL. 1.— TBIED EDITIOS, Z T ~ 
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great delay, as in sach places the extraction of hnntlreds of cabic feet of soil searcelr 
ftflected ftc level of tbe blocks a halt's breadth. This -svas most c-peciallv the ca'c 
■with the foandations of the pierfir«tnn(}ertakcn. The large timbers on the ontsideof 
the carb, instead of being hslvedinto each other, so os to form nfla«h frame, were onlr 
checked into one another 1 inch either •war, and strongly }>olted ; and the hollow 
spaces thns left under two of the four sides of the enrb frame, happened to be tamed 
to the enter side of the pier, that is towanls the sraterway of the adjoining arche«, 
withont any anticipation of evil conseqaences. The result appeared to be that the 
enrb-frames continacd to re«t nearly unmoved on the lower beams cc, nhil«t the 
spaces nnder W formed bridge*, or open traps, throngh which a eonsLint flow of mad 
took place to replenish the svells as fast as they were emptied by the jham. At last 
it was fonnd necessary to inclose the most refractory blocks in sheet-piling, in order 
to complete the sinking. 

The cnconntcr with pieces of limber was also a serions obstacle. In a part of the 
•work a species of cofler-dam had been formed to cxciiide floods, the piles of which had 
been at one point breached and submerged. Here the*e obstacles were not nnfreqnent, 
and were very troublesome when they lay .athwart the wells at a considerable depth in 
the water. The best way to get rid of them was found to be by boring several con- 
tignons holes throngh the timber, mth a long anger, and then breaking it throngh by 
n violent blow with a hcaiy beam, after wbith there was little difficnlty in renio>ing 
the separate pieces. 

The tn o-shafted blocks were not so easily guided in their dc«ccnt. If they leaned 
over to one side, as* they were very ant to do on account of the narrow base, it was 
exceedingly dilhcnlt to restore them ; one wentsndilcnly to pieces, probably from n 
sudden falling in of sand and consequent fracture of the curb-frame, involiing the 
loss of two lives, and forming a grievoos obstacle to its replocemcnl by another block. 
This was the only fatal accident on this branch of viork dnring three years of Its 
progress. 

At the suggestion of Mr. Thomas Logio, a yenng engineer ass.'tant on the work, 
the experiment waS tried of bnilding thc*c narrow blocks in the form of an inverted 
wedge, the side walls having a considerable baiter on the ontsidc. In this form these 
blocks preserved their upright position much better 

The following Table shows the average, on a considerable nnmbcr of blocks of the 
different sires, of the daily progress in sinking by the process described : — 
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feet deep on the sides parallel to (he alream and on the do^-s(ream side, 
and 10 feet deep on the np-stream side. All ronnd the flooring outside 
the curtain blocks there shoald be thrown in bonlders or brick -rubbish 
at 200 cubic feet to the foot nm of curtain blocks where they are 20 
feet deep, and 100 cubic feet to the foot run where they are 10 feet deep. 

The general arrangement of this protection work is shown in the 
sketch on the preceding page. 

The slopes of the Railway embankment joining the abntments should 
be pitched on both sides with brick or knnknr blocks, or bonlders, for 100 
yards, and a mass of such blocks shoald, besides, be acccmolated round 
the end of the embankment where it joins the abutment, both on up and 
down-stream sides, to the esteot of 50,000 cubic feet on each side. 

410. Excavating apparatus.— As long as the water in the in- 
terior can be kept out by pumping or lifting, the work of sinking the wells 
proceeds quickly ; but when the work has to proceed under water, it is 
Tery slow, and many different methods hare been adopted to clear out the 
Water and core of the wells. 

411. Toe Jnijr.— The simplest, and indeed the original Indian plan, 
16 the use of a machine called a/Aom, which is a huge phowrah or hoe ; a 
straight socket is cast on to it, io which a pole is fitted, and by which the JXam 
when lowered Into the water can be worked bto tbe sand from a stage a- 
bore. The pole is then withdrawn, and by means of a windlass and rope, 
the j/iam with its load of sand is dragged op, emptied, and again sent down. 
In some parts of the country, tbe well-sinkers dire every time and work the 
JAum into the sand by their hands, and dirers bare generally to he employ- 
ed in case of any obstruction to the regular descent of the well, (ride 
Pla/e No. LIV.) 

An improred form of Jham is described in tbe next para., as used on the 
Jumna Bridge at Allahabad. 

412. The following is a description of the Well foundations used for 
the Great Railway Bridge orcr the Jumna at Allahabad (from the “ Ciril 
Engineer’s Jonmal,” (ride JPIale LV.) 

The Jumna, like most of the Zodian rirers, winds about ranch in its coune, and 
varies in width and depth considerably ; and within a distance of three.qnartm of a 
mile above and below the railway bridge, it Is 65 and 72 feet deep, respectively, at low- 
water, bnt this depth is redneed to only 15 feet at the apot selected for crossing by the 
chief engineer, Mr. Edward Enrscr. A number of experimental brick cylinders were 
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6Qsk to ascertain nhat the bed of tbe riTer consisted of, and at a depth of S3 feet 
nothing but sand partly mixed rrith clay wasfonnd. Generally speaking the water is 
so low in the Indian rivers between the months of November and ifay, that there are 
no great difficulties to be got over in beginning operations for sinking the cylinders to 
form the fonndations of the piers : but in the Jnmna, which is never dry, it was nn< 
avoidable that the piers had to be begnn where there was deep water : and as tbc means 
of pitching iron curbs under v ater w ere not at hand, the question arose, what was the 
best mode of commencing the bnilding of tbe cylinders preparatory to sinking 
them? 

The simplest plan seemed to be to form on artificial island for each pier ; and this 
was done in the following manner : — Taking the centre of a pier in 16 feet depth of 
water ns the starting point, and setting out a space of 175 feet length by 120 feet 
width, sand bags were sunk on the donrii>stream and two adjacent sides, thns forming 
three sides of an enclosure, in the centre of which loose sand was thrown, which was 
carried by tbe stream and deposited against the npper side of the lower bonndary of 
sand bags, where it formed a ridge ; in doe course, the snrface of tbc water was thns 
reached, when the sand was all thrown on tbc oP'Stream side, and an island was 
thereby speedily formed 100 feet long by CO feet wide at the top. On this island 
the ten iron earbs were pitched to form the bases for tbe ten brick cjUndcre compos* 
ing the foundations of the pier, being pitched at a distance of 13 feet C ioebes from 
centre to centre transversely of tbc pier, and 15 feet longitndinally. 

The iron enrb Is ehowa in 7, which gives a vertical section of one of tbe brick 
cylinders to a larger scale, showing the cylinders AA partially sunk. The enrb D Is 
13 feet 6 inches diameter ontside, and 8 feet C inches inside, the Intenor of the brick 
cylinder diminishing to G feet 0 inches diameter. The curb consist of a fist honsontal 
ring of ]>ineb boiler plate, 2 feet G Inches wide, rivetteil )iy an angle-iron to an enter 
cylindrical ring of similar plate I6ioebei deep, and baung gosvt plates connecting 
the two rings underneath. The outer cylindrical nng extends 3 inches above the 
horizontal one, forming a support all ronnd to the ba«c of the bnck cylinder on the 
ontside ; and an angle-iron npon the timbcredgeoftbc flat ring forms a similar inpport 
vrithin. To keep the corbs in place they are sunk till the lop plate, of the enrb {s 
bedded on tbe sand ; then 12 feet height of brick-work.S feet 4^ inches thick, is Inilt 
npon the curb, tbe first G feet of which are snnk by simply taking out the sand from 
the onderslde of the curb by hind , after which they^am must be nsed. 

The results of numerons trials with many kinds and forms of the tool gave a^iam 
sneh as is shown at C, in 7 and 6. Tbe j^am is made of wronght-iron with 
a scoop 2 feet 2 inches wide, and 2 feet 4 Inches long, made thin and sharp at the 
front edge, and supported by two stays fixed to tbe sides of tbe scoop, and also moilo 
thin and sharp at their front edges for penetrsting the gronnd readily { tlie whole 
weighing about | cwt 

The mode of using thisy^an is as follows •—By means of a ronple of ropes, D, at- 
tached to the tail end of the arm E, tbeykoai is lowered by hand to the bottom of the 
well, till the ratting edge of the scoop C and tbe oater ea<l of the arm E rc»t npofl 
the sand, as shown by the full lines in Fif. 7. Ihen with the weight of two or three 
men bearing on the top of the vertical pole F, which u held m place by the pm at the 
bottom passing loosely throngh a bole in the tail end of the arm K, the acrr>p ia nittd 
a short distance by the ropes D, the outer end of the arm rwung epoa the aanl ani 
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fomlnR a sort of centre of motion ; aud tlic bcooji Utlicn dropped with the nci-Lt of 
the men bearing upon it, and its cutting edge U thus forced into the sand, liy 
repeating these strokes theseoop is forced into the sand, the s\orkmcii knoning bj-the 
feel nhen the scoop is deep enough in tbesaud. Then with tbe weight of the iiica stiff 
on the Acrticnl pole I*. the Jhain U hauled up by incaos of the windlass G, round the 
barret of wliidi the chain is wound that is atUdKd to the extremity of the arm IJj 
the j'/ium being thereby tilted into position is brought up filled ivithsaud, as shown 
dotted in Fig. 7. It requires ten men at tlie windlass to ino\c the J/ia'/t when bedded 
and co>crcd with sand ■, it is thm drawn up to the top, when it is emptied, and the 
process repeated. 

After the first length of 12 feet of hnck cj liudcr had bren sunk down to the water 
loci, an ndditionnl lo feet were added, as shown iu Fg 5 ; ami the process of sink-' 
ing continued till the IS feet addetl had been sunk, when an additional 1C feet were 
added, making a total of 43 feet depth. As a |■reeautlon for pro enting the curb and 
lower portion of the brick cjhnder from parting from the iij'per portion, which was 
found sometimes lo occur, provision was made on the curb for attaching six liolding 
up bolts, whuh were built into the brickwork for a IcJigth of JC feet, as shows in 
Fg. 5, aul at intervals of ever)' 6 feet, u ntig of flatiron was dropped over all the 
bolts aud cottcred down on to the brickwork 

The rate of sinking of the evhaders win, far from regular . at starling, the pro- 
gress was pretty even, the c)linders going down from 15 lo 9 inihcs per d.iy j but thtf 
overage rale of binking when down to 2t> feet w.u not more tliau 4J inches per day ; 
and beyond that depth, the rate of progress gradually decreased till U was not inoro 
than U to I inch per day of 24 hours. The plau that was adopted where the- sinking 
went on slowly was to add extra weight ou the top of the cvlimlcr, either by building 
extra brickwork, or adding a load of rails, lu very bud cases loth means were used, 
till A weight of 40 tons on each c) huder w us added ; anti ci en w ith this additional 
loai on the top, great difllculty was met with when the sinking had reached a depth of 
40 feet} which is not surprising when it is considered that there nos then a constant 
pressoffe due to 40 feet head of water acting upon the sand round the c-xterlor surface 
of the c) liudcr at the Dottom. 

When the cyliudcrs were got down to the depth of 43 feet they were ready for the- 
concrete II, Fg. 5 *, but before throwing m thccoucrctc. adiver supplied with Siebe’s 
diving apparatus was sent down to clear nv»ny miy rubbish that might be left at tho 
bottom of the well, and level the spa«-e under the curbs for the reception of the con- 
crete. A depth of 15 feet of concrete wos then thrown in, composed of 1 part of 
fresh-bumt nnslakcd lime, 1 of broken bricks, and 2 of undcrbnrut lime ; these w ere 
the usual proportions of the concrete used instopping the cylinders, and about 18 days 
were generally allowed for it to set. A disc made of two thicknesses of 2 inch plank- 
ing was let down upon the surface of the concrete, weighted by 3 feet thickness of 
brick-work j this disc was a little less in duuncter than the inside of the cylinder, so 
as to pass freely down on to the concrete, the space between the edge of the disc and ' 
tho sides of the cylinder being then filled in with wood wedges driven by divers. 
Tho object of putting in this disc was to prevent (he concrete being disturbed by tho 
pressure of water nnderneath, whiKt the water w-as being baled out from above the 
concrete, preparatory to bnilding the cylinder np solid. 

The mortar used was made oLl part of lime to 1 or 1} parts of soorkee, which 
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bth . — There are also two stops on the spear, andaspring clasp, C, to keep 
the jawa open while the scoop 
is being lowered. 

The action is very simplo. 

The machine is slung over 
the well or block by tackle 
and pulleys worked by a 
windlass, from any conve- 
nient form of staging ; it is 
lowered, with the jaws in the 
open position, till it rests on 
the bottom *, the two attend- 
ants step on the platform, 
and one with his foot releases 
the spring clasp ; the wind- 
lass men at once wind up, 
bnt the weight of the men keeps the scoop from 
rising till the jaws have closed and it is foil of 
sand ; then all rise together ; the two men step 
off on the sides of the well, and, as the full 
bucket rises to the level, they sway it over a 
wooden platform at the side, and pull smartly 
at the lever ; the jaws open, and the catch holds 
them ; so the sand falls out on the platform ; the 
machine swings back, and is immediately lower- 
ed again, while the sand is shovelled or mo away. 

This can be repeated at the rate of one lift per 
minute, lifting to cubic feet each time. 

414. Deep-Wtll Excavator . — ^The action of 
this Excavator is in every respect similar to that of Fouracres’ ordinary 
Excavator for small wells with Ibis exception, that the process of closing the 
scoops of the Excavator is performed by two chains and a windlass, instead 
of by actual pressure by men’s weight. The Excavator is lowered into the 
well, in the position shown in the drawing {Plate LTI.,) by the chain a, 
the end of which is attached to a windlass in any convenient position : as the 
men lower the chain a, those at the windlass b wind up the chains c which 
become loose as the Excavator descends? when the Excavator reaches the 
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^licn the KTcaTalor is riftc<} to Iho top of the well it is swaTcd over 
the si<!e, nri'l n chain attached to the scaOToIiling’^ which has been prcrionsljr 
adjusted to the correct length, is hooked into the hook A; the nun at 
the windlass tlicn lower away, and ns tho chain attached to the hook 
becomes tightened, the weight of the Excavator causes the scoops to open 
and dKchargc their load, and at the same time tho uiachiue is re-set ready 
for lowering into the well. 

416. The irr/i curls ii'cd on the Dehroc Division were of a new descrip- 
tion, and while being very inexpen-sive, were found snfTicicnt for the purpose. 

Tho curbs were Kimplc platforms of small solid hill bamboos, laid closo 

sido by side, well 


lengths lashed on 
for strengthening. 
All crevices were 
stunt'll with gra«s, 
and care taken that no bamboos projected beyond the masonry. 

IVhen rtund wells arc to be aunk, the bamboo curb is thus made 


lashed at the cor- 
ners, and willi un- 
der cleats of short 




A mould wheel of timber al'out 9 inches by 4 indies is prepared, w|io«o 
indJe diamrter is the cnl»idc diameter of the curb; holes are lierccd 
thr'ju;;h this to rteeire fhort | wees of solil Jilll batnloos, projecting 
in«ar I by the Irea Itli of the curb; these nro wedged in 5 eituiUr hatnhoo*, 
split in two, are cow Cijile-I round and lotmd (tl>e mould wheel being 
scjp'ifie.l 2 feet al*0Tfl the ground), and lashe-l to the lanilKK’S til) tho 
fe'juifT'l t res 1th it attainr J, when iLe whole is lawn cut. If greater 
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Btilfncss is needed, bamboos can be coiled both oborc and bcloTr tho cleats ; 
in fact a wcdge-sliapcd curb could be made. But tbo single bamboo Las 
been found sutliclcnt to sinlf tccIIs C feet in sand iritbout cracking. 

The cost of tUese curbs is about ns follows 


ns.A.p. 

1. block, lOJ by (j feet 18 inclica waUs— 


40 bamboo\ small, •• •. .. .. 0 6 0 

String 0 2 0 

J.al>nr 0 2 0 


0 0 0 

2. Circnlar ttcII*, B feel Inside, CJ out — 

20 hamhoos 0 2 C 

StriD", 0 2 0 

Labor, * 0 2 0 


0 fi C 


417. Bcll’s IIako Drkdoeh (vide P/afe LVIII).— A short ebain 
four feet long, with a ring in the centre, should be attached by its ends to 
the rings on the chains worlung the machine. To the centre ring the chain 
for lowering and raising the machine is to be fixed, of a length greater or 
less according to the depth of the well. On tbe well two bullees should ^ 
be fixed, with an iron block made fast to the junction. The bullees should 
not be less than 10 or 12 feet in length, stayed on either side to the 
ground. A wooden platform C feet X 4 feet composed of 1 inch sdl 
planks made fast to two under cross pieces, is also required, and two 
^-inch ropes, one made fast to the key keeping the jaws of the machine 
open, and the other to the centre ring in the short chain first-mentioned. 

In working, tho machine Is opened on the wooden platform and the 
key fixed. It is then lowered into the well, and on reaching the bottom 
the key is withdrawn ; the rope attached to the latter should be coiled on 
one side of the platform ready for nsc. A gentle pulling-and-giving motion 
should now be applied with the rope attached to the centre ring of the 
short chain, sloicli/ at first, and as this peculiar motion causes the jaw of 
the mflcAinc to sinh or cut into the sand, the strain should be incrensecf, till 
there is no further yielding to the pull which two men can put on tho 
rope. The machine should then be raised and landed on the wooden 
platform. The operation of rc-setUng it, for lowering, releases the subsoil 
brought op, and saves all trouble in emptying. 
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Tlio average quantity bronglit up, when the machine is properly work- 
ed, is 2 cubic feet ; and in a well of 12 feet 6 inches diameter, 3S feet 
deep, there is no difficulty in working it 25 times in an hour. 

Three men on the top of the well, (not including those employed in 
removing the sand, which is best done by contr.act,) and- 15 men to pull, 
arc required to work the hand dredger. The average performance per 
day in a 12 feet G inches well is 3 feet of sinkage for regular work; and 
pmctically speaking the depth of the well is of no consequence, the differ- 
ence of time taken by the coolies walking 10 or 50 feet being inappreci- 
able ns compared with the time t.nken by each operation. 

The dredger is principally intended for working in sand, but brings up 
anything which is cut up so that it can grip it The motion of the wells 
being constant, they should not require weigliUng; and up to 35 feet, it 
Las not been found necessary to weight (be well. 

This dredger is used extensively on the large bridges of the Oudh and 
Bolulcund Hallway, and for the Punjab Northern Slate Hnilwnys in pre- 
ference to any form of excavator. 

418. AVebb’s Sodaqdeods Exoat.\tor. — In the Jladras Hallways an- 
other form of Excavator (as illustrated in Plates LIX. and LX.,) some- 
what similar in principle to Fonracrc’s and BnU's, has been used with 
great success. . 

The excavator is a cylinder, from winch about a fourth part is remov- 
ed, to form horizontal and vertical cutting edges a, h, in both Plates. 
It is formed of boiler plate riveted to angle iron framing. On top are 
two iron catches C, D, which receive the wrought-iron bow E ; this slides 
op and down the square guide bar F. 

To tlio upper side of this bow tbo hoisting chain G, is atlnched by 
short pieces h, i, while nndemcalb a pair of short chains k, I, connect it 
with the excavator. 

TJie square bar F, by means of which the excavator is Inmed and 
guided ill its ascent and descent, together witli its capstan, cmb-ninch, 
and framing, all clearly shown in the drawings, complete the apparatus. 
The guide bar F is made in convenient lengths, connected by the joint X, 
and carries a sliding colhar N, which can bo clamped at any part of it, by 
means of a pinching screw r. 

On each side of this collar a hook is rivctled for the purpose of sup- 
porting the hoisting chains 0, when disconnected. 
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The hoisting chain is prorided with special links every six feet, which 
allow of its separation at them. 

The mode of using the excavator is as follows The frame is placed as 
shown in LIX., over the cylinder or well to be sunk, and the bar 
P dropped to the bottom of it. The crab barrel is then thrown out of gear, 
which allows the excavator to descend by its own weight, being guided 
in its descent by the bar F, which passes through the bow E: as soon as 
it reaches the bottom of the well, the hoisting chain G is disconnected at 
one of the links provided for the purpose, the upper part leading from 
the winch being hooked to the frame at M, while the lower part which is 
connected •with the excavator is hooked to the collar X: this allows 
the excavator to be turned without getting t ’C cliaiu G twisted round tho 
bar; the men at the capstan then give a few turns from right to left, 
which fills tho excavator (five turns are generally BuOicient to do so), A 
quarter turn of the capstan in the opposite direction releases tho bow E 
from the excavator, which remains embedded in tho material being ex* 
cavated; the chain G is now unhooked at N,’ M, and joined up os before, 
and the bow £ drawn up by turning the wmch W ; as soon as it is raised 
to the extent of the chains il, I, it lifts the excavator, and at the same 
time tilts it as shown in Plate LX., in which position it is drawn to tho top 
and emptied Into a truck provided for the purpose; or to save time, the 
full excavator may be removed, and an empty one hooked on to tho 
chains k, 1; so that when this comes op full, the former one will be ready 
to take its place, to he again lowered and filled. 

The 'inventor states that the most useful sizes are 1 foot C inches 
diameter by 9 inches deep, and 2 feet diameter by 1 foot deep (the former 
size being suited to hard material, such as stiff clay, &C., and the latter to 
softer stuff, as mud, sand, &c.) : that this excavator will raisn per day on 
an average, CO cubic feet of hard material, such as stiff clay and latcrito 
gravel, from a depth of 50 or CO feci below water, icvrLed txclusn-ely 
hy mem that this rale may be increased to ISO cubic feet per day, if a 
steam crab or hoist be vised ; ami that probably double these quantities 
of soft stuff would be raised. Six men are suOlcient to woik this ma- 
chine. 

The inventor farther says, that the cost of the excavator complete with 
frame, crab, chains, ic., would be about Its. 500, and a royally of £50 
per annum for the use of each machine will be charged. 
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The cost of a steam •winch 4-horse power with boiler and steam fittings 
complete wonld be about Its. 1,800* Assuming these data, the cost of 
working would be, ns under: — 

Jitj Manual Labor, 

na. A. r. 

C Men, at Its. O-C-0 pcr<lny,.» 2 4 0 

1 Miatr}-, Ht .. .♦ 10 0 

Wear, depreciation of maeliinerj-, rcjiftlrs at 23 per 1 o n in 

cent j>cr annum on a Blue, Ua 200, .. .,J O J lU 

lloynlty on patent, Ha. COO per annnm, .... 19 7 


Co^tperdav, Total, C 1 C 

for GO cubic feel exenrnted, or a mto of Ka. 0-1-4 per cubic foot z; Es. 
2-4-0 per cubic yard. 

Bif Sleam Poirer. 


r^. A. r. 

1 rnpine driver, at Ila. 1 pet day, .. ,, 1 0 0 

1 Stoker, at U« 0*9>0, •. •• .• ,, ,,060 

7 Men cooUe«, at Ilv 0-4*0, .. ,, .» ! 12 t) 

2) Cn't eoal, at Il<. 20 a ton, ,» .. .. .. 3 12 0 

\ n*. Oil 0 2 0 

25 I’cr eent. on Ha. 2.100 for wear, depreciation, ) , 

and repairs of tiia. hineiy, .« ,, ..j *’ 

Ilojalty on patent •> »• 1 0 7 


Co'lperday, Total, 10 C 6 


Qnantlty excavated 180 cubic feet, or a rate of Es. 0-0-11 per cubic 
foot, or E-i. 1-8-9 n cubic yanl. 

If wood fuel bo used, the cost would lio for fuel 7i cwt., at Es. 3 
per Ion zz. Es. 1-2-0. This would reduce the cO't of working In Es. 
7-12-1 1 a day « Its. 0-0-8 per cubic foot, or Es. 1-2-0 per cubic yard. 

Tills excatntoT bad a prolougexl praclicnt trial in sinking ibo Iron Cy- 
indcf fouudatinni for llic Ktidlahoondy Bridge, Madras Ilatlwny. Twen- 
ty-six cjUiidcrs G feel diameter, were aunk by means of tbc'C excavators 
to depths of from 07 feel to G5 feet below tho water level, 
through 2 feet of mud. 

„ 10 „ sand. 

„ 25 „ Who clay. 

„ 15 „ latcritc gravel, very bard. 

„ 3 ,, decayed granite. 

The above trial proves beyond doubt its practical value. 
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‘ 419. Sa:cd rnrr (riie Plate LXT).— A machine called the Sand 
jyiimp ha< of late years Wen much coiplojed, chiefly on the large Itailway 
Bridge*, which is decidedly sajverior to the jham, e*pcciany when the depth 
of sinking is great ; hrit it is not preferred hy all Engineers to the excara- 
tors and hand dretlgcra nho\c described. 

It consists of a ca^t iron-cylinder 3 feet in diameter and 2 feet high, 
closest av lop with an air-tight coTer, in which are BCTeral holes fitted 
with leather or indlan-ruUhcr Talres opening opwards. Above this cover 
is a smaller cast-iron cylinder, 1 foot long, and 10 inches in diameter, 
in which is a leaden piston which works easily up and down, having 
four valves in it, plso opening upwards. Tliis pi<ton is worked hy a rod 
2 feci long, having an eye on the upper end for the pumping tackle. 

Tlic large cylinder has al«o a l>ottoro coier, which is howerer remoT- 
thle, and to the centre of which is fitted the soctioo pipe, as shown in the 
drawing. Tliis cover is held in its place by lugs fastened with cotter 
pins. On the lower part of the pipe, radiating cutters are now generally 
fixed, made of l-inch plate iron, sharpened and steeled at the edge, and 
9 inches deep. 

In working— the pump is lowered to the bottom of the well by means 
of tackle connected with eyes cast on the sides of the large cylinder. 
If anything hard is met with, the pomp can be lifted about 4 feet, and 
jumped up and dorm until the cutters have broken it. once fixed 

in the sand, the piston of the pump is worked up and down by means of 
a rope and pulley, until the resistance shows that the larger cylinder 
is full, or nearly so, of sand and water, when the pump itself is raised 
to the surface. Then one of the trollies, which work on a tramway, being 
run over the centre of the pier, receives the pump. The cotter pins are 
then knocked out, and the logs turned round — the body of the pump is 
lifted, and the bottom is left on the trolly with its load of sand. The 
trolly is then pushed away, another run under with a spare bottom, which 
is fitted, and the pump descends while the first bottom is being cleared out. 

The pumps can be lowered and raised either by a gang of men work- 
ing by an ordinary pulley and chain ; or, what is better, by a steam hoist. 

The work done by means of these sand pumps is very greatly in excess 
of what c-sn be done by the ordinary yftam, especially when the depth of 
water is great. On the Delhi Bailway where they were in extensive use 
the 12^ feet diameter masonry wells, which form the pier foundations to 
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the bridges, have been snnh, 40 feet through sand and water, with an 
intervening stratum of clay 6 feet thick and 16 feet from the surface, and 
a depth of 3 to 7 feet lias been constantly achieved in one day. The 
pumps will also lift bricks and stones if not too large for the suction pipe. 

420. Fouxida.tiQns in Water.— In laying foundations in water, two 
difficulties have to be overcome, both of which require great resonrees and 
care on the part of the engineer. The first is found in the means to be 
used in preparing the bed of the foundation: and the second, in securing 
the bed from the action of the water, to ensure the safety of the founda- 
tions. The last is, generally the more difficult problem of the two; for a 
current of water will gradually wear away, not only every variety of loose 
soils, but also the more tender rocks, such as most varieties of sand-stone 
and the calcareous and argillaceous rocks, particularly when tiiey are 
Btratificd, or are of a loose texture. 

To prepare the bed of a -foundation in stagnant water, the only diffi- 
culty that presents Itself is to exclude the water from the area on which 
the structure is to rcet. If the depth of water is not over 4 feet, this is 
done by surrounding the area with an ordinary water-tight dam of clay, or 
of some other binding earth. For this purpose, a shallow trench is form- 
ed around the area by removing the soft, or loose stratum on the bottom j 
the foundation of the dam is commenced by filling this trench with the 
clay, and the dam is made by spreading sncccssive layers of clay about one 
foot thick, and pressing each layer ns it is spread, to render it more com- 
pact. When the dam is completed, the water Is pumped out from the en- 
closed area, and the bed for the foundation is prepared as on dry land. 

421- Coffer-dam. — When the depth of stagnant water is over 4 
feet, and in running water, of any depth, the ordinary dam must be replac- 
ed by the Cofer-dam. This construction consists of two rows of planks 
or Sheeting piles, driven into the soil vertically, forming thus a coffer work, 
between which clay or binding earth, termed the Paddling, is filled in, to 
form a water-tight dam to exclude the water from the area enclosed. 

Tlie arrangement, construction, and dimensions of coffer-dams depend 
on their specific object, the depth of water, and the nature of the subsoil 
on which the coffer-dam rests. 

With regard to the first point, the width of the dam between the shcel- 
mg piles should bo so regulated as to serve as a scaffolding for the machi- 
nery and materials required about the work. This is peculiarly requisite 
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rrhore tlie cofror-<lam cnclo'M nn i«oUto<! po«ilion rcmored from ilic shore. 
Tlje Interior */i3cc rnelo<c‘l the dam should liare llio rp<ji)isitc capacHf 
for reccirin^ the bed of tlic fonndstinns, and such materials and ruachi- 
nerjr ns mar be rcnjnired witWn Uio dam. 

Tltc nidth, or thickness of tlio cofler^dam, bj which is nnderstood the 
di'Uncc between the slieetin|^ pilc't should Ik* siiflicient not only to be im- 
permeable to water, but to form, br the wciciit of llic pinlilling^, in combi- 
nation with the resistance of the timber work, n wall of snfncicnt strength 
to resist the horizontal pressnre of the water on the exterior, when the 
interior space is pumped drr. Tlie resistance offered by the weight of 
the pnddliiig to the pressure of the water can he easily calculated; that 
offered by the timber srork will depend upon the manner in wliicli the 
framing isarranged, and the means taken to stay or buttress the dam from 
the enclosed space. 

422. The most simple and the osnsl construction o! a coffer-dam 
consists in driringn row of 
ordinary straight piles (a) 
around the area (D) to bo 
cnclosediplacing their centre 
lines abont 4 feet sounder. 

A second row (o') is driven 
parallel to the first, the re- 
spectire piles being (he same 
distsncu apart; the distance 
a n' between the centre lines 
of the two rows being so 
regulated, as (o Icarc tho 
requisi/e thickness between 
the sheeting piles for the 
dara. The piles of each row are connected by a horizontal beam of 
square timber, termed a sli-iny or teale piece, b, h' phiced a foot or two above 
the highest wafer line, and notched and bolted to each pile. The string 
pieces (i*) of (he inner row of piles is placed on the side next to tlie are.a en- 
closed, and those b of the outer row on the outside. Cross beams x of square 
timber connect the string pieces of the two rows, upon which they ore 
notched, senlng both to prevent the rows of piles from spreading from 
the pressure that may be thrown on them, and ns a j(»i^ting for the acaf- 
voL. I. — Tiiinn EDITION. 3 ii 
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folding. On Iho opposite sides of the rows, interior string pieces cc aro 
placed, about the same level with the exterior, for the purpose of serving 
both ns guides and supports for the sheeting piles. Tlie sheeting piles d, d, 
being well jointed, aro driven in juxtaposition, and against the interior 
string pieces. A tliird course of string, or ribbon pieces /,/ of smaller 
scantling confine, by means of large spikes, the sheeting piles against the 
interior string pieces. 

As has been stated, the thickness of the dam and the dimensions of tho 
timber of wliich the coffer work is made, will depend upon tlie pressnie 
duo to tho head of water, when the interior space is pumped dry. For 
cxtiaordinary depths, tho engineer would not act prudently weie he to 
neglect to verify by calculation the equilibrium between the prevsuie and 
resistance; but for ordinaiy depths under 10 feet, a julc followed is to 
make tho thickness of tho dam 10 feet; and for depths over 10 feei to 
giro an additional thickness of one foot for every additional depth of tlirco 
feet. This rule will give every security against nitrations through tho body 
of tho dam, but it might not give sufTicient strengtli unless the scantling 
of tho coffer work were suitably increased in dimenrions. 

423. Tho main incouvenicnco met with in coffer-dams arises from tho 
difficulty of preventing leakage under tho dam. Tn all cases tlie piles must 
bo driven into a firm stratum, and the sheeting piles should equally haven 
firm footing in a tenacious compact sub-stratum, When an e-xenvation is 
requisite in the interior to uncover llio subsoil on whicli the bed of tlio 
foundation is to be laid, Ihc'shccting piles bIioiiUI bo driven at least ns deep 
as this point, and somewhat below it if tho resistance offered to the driv- 
ing does not prevent it. 

Tlio puddling should bo formed of a mixture of tenacious clay and sand, 
as this mixtiiro settles better than pure clay alone. Before jdacing the 
puddling, all tlio soft mud and loose soil between the sheeting piles should 
ho carefully extracted ; the puddling should be placed and compressed 
in layers, care being tnhen to agitate the water ns little ns practicable. 

With requisite care, coffer-dams may be used for foundations in any 
depth of water, provided n water-tight holtoming can be found for tho 
puddling. Fnndy bottoms offer the greatest difJicnlfy in this respect, and 
when the dcptli of water is over 5 feel, extraordinary precautions arc re- 
quisite to prevent leakage under the puddling. 

424. Seolrc Cq/rer-rfuni.— -'ilio following is the Speeifiention for the 
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cofTcr-dam M'cd for Ujing iu the foondetion on the Scotcc Bridge, Grent 
Deccan Hoad:— 

Half a fnile al>ovc the allc of ibcbriJ;:ethcbc4of the rircr poral'tsentirclrof sand* 
»tnn<* nyk, flhi.'li li con'hlrralilj ImArn Op and thrown al>ont in At site the 

l>e>1, to a depth of 4 fcrl, la nf aand and hmfyerte, taain;; on a atrotnm of bloc loam 
of den«ilr and Icnaeilr pnulDBllT inerraains with the depth. At 10 feet the soil is 
firm and tcnacioos and can be trusted. Tbe Ary weather stream is about 13 inches 
deep. 

The rca»on for wlcetinj cofferHlam tn<tead of well or Idoek fonnclntiODS in this ease, 
li the lil;:h prohaldlitr of meetin;jwitb larj:* boulder stones or slabs of the sind-«tono 
n'ch from up»stream, bc<ldcd at a depth f>elow the inrfnee, which would interfere 
prcatlr with the suila^e of the blocks and probably altogether frustrate any attempt 
at obtaining a seenre fonnJition by those means 

The nature of thesnb'tratom, morcorcr, while it affonls facilities for the construe* 
tion of a roffrrMlam, would cause tnneh labor to the wcll*sinkcr. 

Tbe cofferilaTn will ron«ist of a single line of sheet-piling driren and secured as 
hereafter shown for the foundation of one of the piers 

The timber for the piles to be of sil wood, to be carefully selected, straight-grained, 
free from knots and ring shakes. 

The gauge piles alone will be rung with an Iron hoop 3 y | inches j these srill b1«o 
be sho>l with caat-irou shoes of the form shown in the diagram, with a square abut* 
tncnl fur the pUe to rest on. 

The sheeting-piles will not be shod, but (he end will he ent with an inclined edge 
to giro the pile a drift towards the next pile. The sheeting piles will all be carefully 
fitted to each other before drii ing to euaiirc close contact 

The wedge piles will be tapered 2 incliea in a regular taper for the lower C feet, the 
sides of the upper 9 feet being left parallel. 

The space to be lucloscd is In the clear 43 x 10 feet within the Ehcetmg. Each 
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icto 2 baj^ of 4 feet 5 inches each, by gange piles 9 inches square, driven 17 feet 
below the water line, and standing 5 feet 6 inches flboi e it. 

The sheet piles \\ ill all be 9 inchea by 4 inches, and drii en 15 feet below the water 
line, ^uth their heads H feel nbo>6 the water line. 

^ hen the gauge piles arc driven to their proj’er depth, two rows of temporary 
doable walings G iaclics by 4 Inches, will be bolted on ; the upper one to be 4 feet 
above the water line, and the other as low as it can bo fixed, bat not within 1 feet 
of the upper. The wales will he fixed to the gauge piles by J-inch iron bolts and 
nuts. 

The sheet piles to fill up the bays are to be driven truly, and Ctich bay keyed in w ith 
n wedge pile to make the dam water-tight 
When the piles are all dmen, behind each gauge pile and at 8 feet distance 
from it, on the outside, a pile C X 6 inches will bo drhen 10 feet, its head standiug 
IJ feet above the water line, Throogh mortises in the head of this and of its corres* 



ponding gauge pile, a piece of 2] x J Inches fl-at bar iron will be passed, through 
slots in wbieli wedge keys will be driven, against iron plates laid against the piles. 

A shore of timber G x C inches will l»c laid across between the bends of the pair- 
of gnogo piles, AA, on each side of the centre of the data. 

The excavation will then bo commenced, and having cleared 5 feet, the upper row 
of w.sics will be taken off and fixed at that depth against the inside of the dam, spur- 
red and strutted across to add to its stiffness. 

As the excavation proceeds the water will be baled out, and the seams between tbo 
piles wilt be well caulked and payed vvith oakum nnd tar. 

Simultaneously w Uh the interior excavation, and carried on w ith it to equal depths, 
the soil will be removed from the ontsido to ns great a depth vvith a limit of lO feet 
below water line ns possible- This will be fiUcvl with puddled tlay. It is c.xpcctcJ 
tliat if the exterior can be Ihos clcsrcil to a depth of 7 feet below water, there vvHl bo 
no difliculty in laying the interior of the dam nearly diy. 

When the interior excavation hasrrachcil 10 feet below the water line, and been 
brought to n level, n bed of concrete 15 inches thick w ill be carefiill} lahl io, the dam 
having been previously permittnl to fill with water. The concrete will he carefully 
lowered I’n baskets, and be brought to a level on its surface. TJds ulll he allonrd to 
lie undisttirlK'd until thoroughly set, which ehould occur in 20 days, when the •water 
will be thrown out, and the constmction of the foundation proceed in stone laid in 
cement 

As the ma«onry ri«cs, Rocal strong clay will be rammed in round the vvork, so os 
romplctcly to fill the space between the dam and the pier. 
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As there would be danger of disturbing the bed by draw ing the piles, they \\ ill ho 
cut off on completion of the nork oe C loehcs below the water line. 

425. Caisson. — When the ileptlt of water is great, or when, front tho 
porme.'ibility of the soil at the bottom, it is diHlctiU to prevent leakage, a 
coiTer-dani may be a less economical method of laying foundations than tho 
cai'son. The Caissrin is a strong water-tight vessel Inaving a bottom of 
solid heavy timber, and t ertical sides so arranged, that they can bo re-adily 
detached from the bottom. 

A bed is prepared to receive the bottom of the c-aisson, by levelling tbo 
soil On wbk'b the structure U to rest, if it be of a sniUble character to re- 
ceive directly the foundation ; or by driving large piles tbrough the upper 
compressible strata of the soil to the firm stratuin bcnc.atli. The heads of 
the piles arc sawed off on a level to receive the bottom of the caisson. 

426. It is essential that the bed shall be level, otlicrwUe tlic cross 
stMiu on thu unsupported p.irts of the timbers, leads to fractures and 
dangerous looveiueats in the superstructure, as in the well known esse of 
AVestminstet Bridge. In hard ground wblcb cannot be levelled, and wbero 
piles (as suggested above) cannot be used, a bottomless caisson should 
be used, lined with tarpaulin allowed to adapt itself freely to the form of tho 
bed, and betoa can tlicn be lowered to the bottom (as described in para. 
128, of the Cliapteron Limes and Concretes). The loose tarpaulin lining is 
essential to protect beton while filling np oil the inequalities of the bed 
from the tcath'n/j action of the water, before it has had tlmo to set. If 
the hard, iincvcu bod be thus levelled, ond floored with bOton, the founda- 
tions may bo carried up within the caisson with masonry, brick-work, 
Ac., ns preferred. 

427. If, however, on ordinary caisson with a timber bottom bo used, 
before settling it on its bed, it must bo floated to and moored over it; 
and the masonry of the structure b commenced and carried up, cntil the 
weight grounds the caisson. The caisson should be so contrived, that it 
can be grounded, and afterwards raised, in case that the bed is found not 
to be accurately levelled. To effect this, a small sliding gate should bo 
placed in the side of the caisson, for the puiposc of Clllng it with water 
at pleasure. By means of this gale, the caisson can be Cllcd and ground- 
ed, and by closing the gate and pumping out Uie water, it can l>o ret 
afloat. 

After the caisson U Bctlled on its bed, and the masonry of the etruclore 
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431. Calculation of Stability. — TI jc cnlcnlntion of tlio stal'ilitj’ of 
ft rot.aiuiiig wall ilividi's it'clflnto two i*«rls. 

Jj?.— Tlio thrust of the cnrlh to be sujij'ortctl. 

2/uh— *Tlic resistance of tlio ^nll. 

2'ht Unt of vuptnve is that nloii^ wliioJi sq»aral{oti takes place in case of 
n flip of enrlli (see 1} 13, Fiy. 2). slope which the cnilh noiihl n«smiie, 
if lofi totnllp nnsupported, i's cnllod the mtuml flopr (bT), «ml it has been 
funtul that the line of nipturo generally dirules the angle formed bj the 
natural slope and tho back of the wall when \erlicnl, into ncarlp ccpial 
jiarls. 

2'h( cfntre of pnam't is that point in the hack of tho wnll, above mul 
below which there is an ctpial Amount of pressure ; nnd this has lioen found 
by experiment nnd caleulntion to ho at two-thirds of tbo vertical iieigbt 
of the wall from itsS top. 

Amount nnd ViKi tion «>/ thf 7*/in/.«r— Tlie real (hnist of any hank will 
depend on n variety of eondition» ubieb it is impossible to reduce to cab 
culation ; for, nlthough wo may by actual experiments with sand, gravel, 
and earths of dilTerent kinds, obtain data wiicneo to calcnlnto the thrust 
exerted by them iit n perfectly dry state, another point must be attended 
to uben wo nltempl to reduce these results to practice, vir., tbo action of 
water, wbicli, by ilesfroyiitg (be eoliesion of the particles of earth, brings 
the mass of materi.d hoMnd the wait into a semi-lhiid state, rendering its 
action more or les^ similar to that of a fluid aeeonling to the degree of 
saturation. 

The temfoner to slip will af-o very greatly depend on fhe manner in 
uliicli tlie material is filUil in ai:nMi»t the wall. Iflho ground be lotrhal 
out (see Ftj. 1 )$ and tlie earth welt punnwl in layers inclined yi-PHi the wall, 
the pn“><un’ will lie very tnfbug, ptovabil only that nttentlon be p.nid to 
surface and back drniti.age. If vn (he other band, tbo bank bo tippo<l, in 
the manner too frcpienlJr permilted, in layers sloping /oironh the wall, 
a greater pres«!ure of the earth will ho excrtcil against it, nnd it must bo 
made of corresponding strength. 

432. In dry earth cohering until distiirboil, the nmonnt of Ihmst may 
be calculfltetl ns follows:— 

Tlie slope which tho earth to he siipporteil wouM n<':miie wlicn left to 
itself U-ing ii»eertniiu’d, the hue of rupture, and the weight of the prism 
of inrtb li.abto to slip down that line, are tlirnci* found. 
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Let the accompanying figure represent an npright rectangular retaining 
Trail, whose top is on a Icrcl wUh tlie aiirfacc of the mass retained; 
BF being the line of natural slope and BE Ibo line of rnpturc bisecting 
tbe angle a. 

BDE is tbe mass lending to OTcrtum tbe wall, and os tbe wciglit of 
Fig. 2. this mass acts Tcrti- 

r cally along tbe line 

GO ; (G being its cen- 
tre of grarity 5) tbe 
direction of this force 
meets tbo plane BE 
p in 0. 

Now, the mass 
BDE is kept in its 
place by tbe follow- 
ing forces, riz ; — 

B, tbe re-action of tbe plane BE, at right angles to the plane. 

P, tbe resistance of the wall, at right angles to tbe back of the wall. 
/R, tbe friction acting along tbe piano BE, (/ being the co-efficient 
of friction of the earth,) and 
TV, the weight of tbe mass. 

It may be shown that the point N, the centre of pressure of tbe earth 
against the wall, is one-third of tbe height of the wall from the base — 
for, 

KG : GE : : 1 : 2, hut kg : ge : : bo : oe 
: : BN : nd 

bn: SD ;; 1 ; 2. or BN = ?° 

The friction / R is some fraction of the pressure R, / being the co- 
efficient of friction. But as BF is the line of natural slope of the earth, 

y=: tan 0 = cota es 

Resolving these forces as follows — 

P Rcos I — / R sin ^ = Rcos ^ — R sin ^ 

W = R sin s 4- y B cos ^ = R sin ^ -f- R cos % 

2 2 2 sin a 2 

3 I 
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and P = W tan 2 or = -—A *tan* ^ ; to being" the weight per cubic foot 
of the enrtli.* 

Therefore, the moment of the earth pressure against the wall = P 
X ^ (7i being the height of the wull), = | W tan -^/t’ tan* ond 
this tuny he equated witli the moment of stability of the \rnll. 

It nill be ob'Crved that tlic moment of st.alrility of the wall, ns tm- 
derstiind here, is puiely statical, and no account has been tnhen of tbe 
addiiiouul sticngtU nhicli the wall could oS‘er thiougli the resistance (to 
rfj'rect te/jjwn) of the mortar jotut at AU. 

Piactienlly, however, tt»is is ao small as compared to the statical 
^eai^tauce of the weight of the w.ill, that it is always omittcil In calcululiou, 
and imsunry or bru-lorork stiucturcs are designed on the supposition 
tlint tlie joints linve no appreciable tenacity. 

If ic, be the weight, per cubic fool, of tlio masonry of the wall, h the 
height, ami b the base j then, if wc leave the mortar Joint out of the ques- 
tion, the moment of stability of tlio wall will be and equating this “ 
with the moment of the earth pressure, we have — 


:^ = ILA’taD* % 



* If the bMr to b<* ropported by the wall were a perfect flaJJ, inch ai water, the 
value of 0 wouM be 0, and a *= 90*, therefore this expression would become^ A* 
tan* 4-* =; y A* = (for water) A*ss31<35 A*i C?| Its. belag the weight of a cubic 
foot of water. 
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433. In this eqnalioTi the line of resistance, — the line of resiiUnnt 
pressures, — has been nssnmeil to pass tIiroii«li the outer angle of ibe ba«e 
of the Willi, and the wnll would be in a position of bare stability, being in 
exact equilibrium with the oveFtunnng pre-siireg : so that some maigin 
must be allowed to the wnll for stability. Tids stability would be decreas- 
ed by any saturation of the earth retained ; bnt increased by iircc.iiitions 
for thorough drainage at the bath, by filling in with chips and shivers of 
the stone used in building, by the airangcmcnt of the earth in punned 
layers, by the friction of earth, fee , agnin<'t the roughened or ‘stepped’ 
back of tlie wall, and by the tenacity of the mortar joining tbe wnll to its 
foundation courses. It must also be borne in mind that for nctnnl mate- 
rials of cotTstruction. it is of course neccssaiy that the line of re'uliant 
pressures should not be so near the nearest edge of the joint a? to produce 
a pressure at that edge stiilieienlly intense to injure the material. 

The following ‘practical’ additions may be made to tbe breadth as 
above calculated 

^ b for well drained banks with horizontal surfaces. • 

h for well drained banks with sloping surfaces. 

^ b for walls where tbe materials is considered trencheron*, or for 
dams over rivers, where floods have considerable rchaity. 

434. But in lien of giving any fractional increase to the breadth of 
the base of a retaining wall, Trofessor Raiikine ndroi-ntes the following 
pnnci|>le 5 “ tlic line of resisUnte ruu't n<»l d».»i.itc fioiu the centie of figure 
of any joint I'y more than a certain rr.ic(iOi) ( 7 ) of the dhunvU-r of ihe juuit 
rnc.i^ureJ in the direciiou of the dcnatiou " lie adds, lhai an cxainintiliua 

, of praiticnl examples detcrinims Quines for the frnciional donation of the 
Vine of rcsi-'tnrice fiom the ccuvie of the base, whiih give yt = j i to J b. 

Tliesc principles are exampbfltd in r tjs i and 4. In (he funncr 
Fig- 3. f'fj- 4. figure (R) the icsuUaut of lh« of 

the pressure (P) and of the wci,,hl of nail (V) 

\ g ' pKsts thiongli the extrriiie e-lpC of the I'tse of 
'•_ I j ihc null, rtliiltf in Fij 4 its dei lilinn from t!iO 
ns — ^ ’ ' j centic of the ba'c e u hiiutrrl to the distances 
\ I CD =5 qb. lu vLtaiiiui,' cijcaiKiis for the 
breadth of walN, in nh ch the *tc»iaU<Jti is ihm ' 

- hunted, we tun'l equate the ui"itients of sUbi* 
UUei and prcuarcs round the extreme limit of JerutlLU &t D. 
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436. Thcro is nnotlicr considcMtion whicli sliould iiidiicncc tho 
dimensions of NvMls, viz — that they should not slip forTrnrd on tlicir bases 
frotn tlio liorizonlftl pressure; it is easily sliown that this will not occur 
BO long ns tlio resultant (R) makes nii angle with tlio horizon greater than 
tho nnglc of repose, which for grce.i masonry is cotisitlcrcd to bo 3Ci°. 
It ia Bcldoin necessary to investigate whether this condition is fulfilled or 
not; for even in walla of the smallest sectional area, tho resultant makes 
an angle of over 40^ with tho horizon ; and tho angle increases nith the 
decreasing values of q. Further, the cohesion of the mortar is a very con- 
sldcrablo element in this, ns it is called, frictional sbability of a wait, and 
it is neglected in the investigations connected with friction. 

430. Instead of tho earth being dry and hard, though not hard 
enough to be Bclf-fiupporting, it may be supposed to be seml-finid, that 
is, tliat all its particles may be separately Bet in motion : the pressure of a 
fluid finch ns water (hpecific gravity st a) is as^ applied at D nilh a 
leverage ~ : that of earth will bo modified in various degrees by co- 
!ic<inn in different Boils, and thus it becomes a question to be determined 
by experiment, and Is ehown by tlio angle assumed by the soil, when left 
by itself and by the height at which a section of it will for a time stand, 
svlien cut perpendicularly. 'Wehbach states that, according to ciremns- 
Innccs a vertical face of from 3 (o 12 feet sustains itself in various soils, 
but this is ottly (cnipornry : whilst in fine sand or newly turned cartli, no 
npprccialile height is thus sustained. 

'flic following arc the natural slopes or angles of repose of various 


poiN : — 


Finf rtry ratnl, . • - 35* SO* | G^mnion earth, dry - - 30" 

Grarrl, . . . « 30* I Ditto, damp, . . • £1* 

l/v*»e »h!nRte, drr, - - 31»* I Pilte, tlie niP«t compact, - Si* 

The following t.aMe shows the base to be given to triangular retaining 
walls of specific gnsvlly equal to that of the earth Biistaincil (supposed to 


lx* twice that of water) in tenns of the height; the substance supported 
Icing tuj'po«<’d to be Icrcl with the top of the wall. 

cf •”rT'i*rt»«L 


rf l»i» In 


1. Vr;:»la’ canh, csrrfullr tail cocr*c I r course, • 



&. er BcHa a £a!J tuie, 
C. Water,* » . - . 
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437. Best Form of Retaining WalL— It is evident that the pres- 
sure being greatest at tlie bottom of the wall, whilst at tlic top it is nothing, 
a gradual diminution of the thickness of a revetment towards the top is 
thereby indicated ; against ovcttiiming by the action of a prism of earth 
nl its tack, this diminxilion wonhl be in direct proportion to the height, 
and the form would he a triangle. Against the pressure of a fluid lending 
to thrust the wall forward by destroying the cohesion of its joints, the 
diminution would be es the square of the licis^ht, winch would give a con- 
cave batter in the form of a parabola for the outer surface of tlie wall. 
In practice, however, this is an expensive form, from the ’extra labor 
required in forming the curve; and as for masonry intended for penna- 
nent exposure to destructive influences, the top of tlic wall cannot bo 
brought to an edge, but must ha\o a certain thickness, a frustum of a 
prism beebmes the best practical form. 

Tlie following general rule is often adopted for practical purposes; let 
the width of the wall at the base be as in the table above given, according 
to the satnro of tlic substance to be supported : the thickness at tup about 
1-lOth of the height of the wall, up to 30 feet; the minimum thickness 
under any circumstances being 1^ feet; the maximum 3 feet; which 
need never be exceeded wlulst the surface 8upi>orled is level with the top 
of tlio wall. 

The front batter may be made to suit the circumstances of the ca«e in 
regard to convenience, appearance, \^c., l>ut may gcniwally with advantage 
be made equal to lialf the difference m thickness bclwein the bottom and 
top of the wall; the front face should be smooth, tlic rear face set off in 
steps at equal distances in the back, which should be left as rough as the 
nature of the materials will admit of. 

In a large structure, however, these empirical rules might add to its ma‘s 
and expense with an actual diminution of strength : so that it will be ne- 
cessary to calculate the correct form according to Delocre'a or nankine’s 
uieUiods, rcforrel to in panss 4t8 ami 4 19 

438. Another point to Ik* con-idered is, if in ad Iitinn to the weight 
of the ground bcliind the rei ctmeni, this ground is loa<led I'T earth, build- 
ings, Ac., resting on it ; if this wcubt is not thrown t'3ck Iwvon 1 the Imo 
of rupture, allowance must be male for it by calculating the dlmen'ijns 
of a triangular revetment as for a height of earth eqaivaleat to that weight, 
and then cutting it down to the height to which the wall is to U built, lo 
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of (lifTerent composition lying on each otlier sometimes slip, from wafer 
penetrating between the strata; chemical clianges sometimes take place 
from tlie exposure of certain soils to the air, causing motion, and often 
occasioning slips ; some very serious ones have been attributed to this 
cause in the London and Croydon Railway; now retaining walls cannot 
bo built to withstand thrusts of this nature, but they must be allowed to 
expend themselves, or a state of rest in the strata must bo restored in 
some other way. 

When the material at tho hack of tho wall is of a loamy descrip- 
tion, and liable to be rcductd to quicksand or mud by saturation with 
water, and there are no means of preventing such saturation by efficient 
drainage, one way of making provision to resist the additional pressure 
which may arise from such saturation, is to calculate the required thick- 
ness of wall, as if the earth were a fluid, making 0 = 0 in the for- 
inultc. 

Another way of proiiding against such a contingency jg to construct, 
sloping against tlio back of tho wall, a bank of siiivers of stone or coarse 
gravel, whoso angle of repose is not affected by the presence of water, and 
then to fill in the softer material. Tho pressure against the wall in tliis 
case will not at any time greatly exceed that of a bank of the firm mate- 
rial employed, sloping at its own angle of repose. 

Aiiotlier mode of relieving retaining walls from pressure is by tho aid 
arches, as described in para. 415. 

443. Counterforts. — Retaining walls arc often built with coun- 
terforts, or buttresses, at short distances apart, which allow of the averngo 
section of the wall being made less than would otherwise bo tho case, by 
enlarging the base of the slnieture in n greater proportion than its mass ; 
care must be taken thoroughly to unite the brickwork or masonry of 
tlie revetment with tliat of the counterfort*, or tbo former may be forced 
forward Ic-aving tho countorfurts behind. 

Counterforts well united with a retaining wall arc of the same advantage 
to it ns ero's walls in the «uj)ei^lruftnre of Iiou-c*. Uutlrcsscs in front 
of a wall arc more advantageously situated to prevent overturn tlinii coun- 
terforts, but are of course inapplicable where a stratght-fneed wall is 
required. Counterforts too hare the advantage of breaking u]) or dii iiHng 
the presMiro of tlic tnrth bebind a ruietinent, and c-pctinlly when this is 
esuseJ by the filtration of water. 
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The size of counterforts will depend on the height of the revetment ; 
Lnt about onc-eighth of the calculated mass of masonry or brickwork 
may generally with advantage be thrown into this form ; the distance of 
the counterforts from each other may range between the limits of 20 feet 
for high, to 10 for low, walls} they need not reach to the top of the 
revetment, by double the thickness of the revetment at top, that portion 
being already stronger than is requisite for stability ; their length at top 
may be equal to the top thickness of the 
revetment, and their breadth one-fifth of 
their distance apart. And from these di- 
mensions the length of the counterfort at 
bottom may be found. Tlrin counterforts 
at frequent intervals will be more efficaci- 
ous in breaking .up the pressure to be sus- 
tained than thicker counterforts at longer 
intervals. 

Thus in a revetment 80 feet high, 3 feet 
thick at top, 6 feet thick at bottom, with 
counterforts 20 feet apart, the length of 
these counterforts at bottom will be found 
easily, their breadth being 4 feet ; for one- 
eighth of mass of revetment equals that of counterfort, to that making 

the length between the counterforts 20 feet, we have, (30 — C) 

X 4 r: J I • — — X 30 X 24 + ' — ~ — (SO — G) X 4 | , which 
gives X ^ C 64 feet. 

444. Hollow revetmonts.— In cases where the mass of brickwork 
required is sufficient to enable it to be divided into walls of not less than 
2 feet in thickness, revetments may with advantage be bmit bollow, that 
'is consisting of a front and rear wall, with partition walls taking the place 
of counterforts at intervals : in cases where an average thickness of more 
than 4 feet throughout, is required, the front wall may be made thicker 
than tlie others with a batter as in ordinary revetment walls. 

445. Relieving Arches arc those turned on the counterforts, as 
piers, to carry the enpcrincumbcnt filling, the counterforts, being of such 
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length that the earth scarcelj comes into contact with tho back of tho 
wall, 

Tbo wall is thus a mere shell blocking up the faces of the archwajs. 
Tho arches maj be in one or more tiers^ and their length should bo so 


Fig. 7, 

Section. 


Fig. 8. 
Back elcraUon, 



great that the line of natural 
slope of the earth, touching 
their intrados at tho crown, 
should not cut the line of the 
back of the wall abore the 
crown of the extrados of the 
next tier {vidt Fig. 7). 

To compute the length, f, 
of a relieving arch and coun- 
terfort on which it stands; 
being given-^tho clear height, 


Let d s the depth of the crown of the arch below the surface. 

d = the angle of repose of the earth. 

We have,* approximately— 

and 


A =r f tan 0 — T 


(I +310 0)* 

446« Breast Walls, — Uiese are used rather to defend the surface 


of a cutting from the weather, and thus keep it from falling I7 disintegra- 
tion, than to support auy part of the mass behind it. Most soils will stand 
at a much stiffer slope, when first cat, than afterwards: in these cases a 
mere facing of masonry will often be sufficient, talcing caro to build it as 
soon na possible after tho cutting has been made, before the surface has 
suiTcred from exposure, and not to leave the slightest interstice behind tho 
wall; such interstices, if they exist, should bo filled in with small gravel 
carefully rammed, or with clay puddle. 

Sloping rcTctmcnts of even thickness not exceeding 2 to 34 feet may 
often bo used with advantage in such ctecs; and when the slope is very 
grc-it, and approaching the permanent angle of repose, planting grass. 


* TU&Idzw'a CMl Xapiaecrtn;. 
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Bonding, 'or covering the elope with rough flat etones, will prevent disinte- 
gration of the surface. 

Ftff. 9. 



In cutting through Etrata which dip conelderablj, it will often be ro^ui- 
site to have a strong revetment on one side, whilst a thin facing will be 
ButEcUnt on. the other, us ehowu in the above Cgute. 

As the permanency of breast walls is entirely dependent on motion not 
taking place in the mass behind them, special care must be taken to pre- 
vent the access of water to the hack of such walls. 

447. Masonry Dams.— In the case of high masonry dams for re- 
taining water, the conditions differ somewhat from those of earth retaining 
nails as above described. The dam is liable to be destroyed in three 
ways; it may be overturned by the thrust of the water; it may elide on 
its base or its joints : or it may crvsh in vertically from its own enormous 
weight. 

There is no case, however, on record of any dam having been over- 
turned, or having been destroyed from having slidden horizontally : every 
dam that has been destroyed hitherto, has crushed in from its own weight. 
It follows, therefore, that to add more material than is necessary, is not 
to strengthen, but to weaken the work. As mortar may be assumed to 
be the weakest material in the structure; the calculations must be based 
on the strength or weakness of the mortar, and the pressure on no hori- 
zontal layer of the dam should esceed the safe amount of compression 
to which the mortar may be subjected. Assuming then a practical width 
for the top of the dam, and proceeding downwards, immediately that 
layer is reached where the pressure approaclies the cafe amount (say 80 lbs 


j:Er^iri5rc 


45C 

on the fc'-juare iricL) the rHti: of ihe i^erxrcrtte increase-, so iiicino 
j) 0 rllc>n of the xut'-oorj tui.ll be ealletl Tipon to xesizi more iban ibe 
allotto'J amount of compre^'-ioa. Bacbi. dam.incrreoTer, is eabject to rrro 
(lifrtjrf-nt beU of coxi'Jjtious • Tiz.. flj -riica the reserroir is emrrr, ami 
llic pressures on the iimer /ace b-coiue roost iDtense; sad I't-'jTriien it 
is full ami from tlio tbrn^^t of llie inzpoinideJ rrstcr the Trre'ntres on fns 
ouln'ard fac'- ore ino^'t jnlen'^c» 

448. J'urtiis' I^am^^Tue J'rciieL Encrioeer, 31. JJclocre, desicmsd 
masonry- datus JOl feel u» hoght, on tb<'=o cansidcraiions, and tbe /cftOS 
adojttod ore bLoTrn in Piat* LXU. 

Jiis process js bnefir tins : — He arrides bis Trail into Ihree -psTis, 
£€t FiQ. 10. 

let . — A ^ortlcal rcctougulor portion CHEA of a breadtli conal that 
kclwiea for the top of Trail; in this: portic® 
tilt tuaiimoin nmt presmre Trill at oUjoaits, 

except tne loirer ponten at A, be lee' tbaa tbc 
hmitiDg’ pret'ore J 

ind.— A rertical bacied triroesoidal po?- 
tioD BASIX, in trliicb Ibe pressure at^s^ an^ 
W rball cot erceed _/■' rrisn ihe Teserroirrs 
either full or emptr, 

St part rlucli liat incliuatioas on both face and bait, and 

in trliicb the limit prtsinre ib not esceecled ul the points 31' 2C’ or ST in 
a series of horjzonlfll beetioce taken in the profile. 

449. Jianiinte Vom -~J’luu LXIIl iJlastrates the form of Taosonry 
daui rc'.omiui uded by J^rofe'hor ICuukice on the same general ideas oS 
ii'J\ oLjilcd by lli< J'ftn'h J..ij;;iiicerb, but tuodified to satisfy the principle 
tliiit “ tlie Jjjicb of ri-siBtniJtt wlmji tbt r«*benoir is empty and foil respec' 
lively, .‘hould botli be within, or but a ttoall diBtauce beyond, the middle 
third of the thiekiiirs of the walk” 

Jn tlic jiroJilc bliovvo in the Flat^, h^arithmic cnrrcb hare been adopted 
for Loth oiiU'r and I'nritr ^’Jie couuuoa puLtangcut to both enrres 

(iimrkid Ai) in the drawiii;;^ U bO fut. 

'J he thiekin ns Oi fit 12‘1 f* et b«lyw the top Is 61 feet ; and of this onc- 
fourUujib, AC s= 0 f<el, lier jiipMc the rerllcal oris OX, and thirteen- 
foiuU* idhr, All, 7b f« « b oultl'Je ihul orif. The formula for the thiefc- 

lu^p / i.t liny diptli (t, L«Jo>r th** top, fu nt foJlowa:— 


/>:/. 10. 
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Tiforftical T^pt (»" ttep* ) for o ^hr>rl Dan. 

■ rfl 

TheortUtd Typt O'* ftfp*) fur a long 
SS Iht on f/«« S/luare Imh, 

■ ^ 

. to. 

y' ■ f/ yA 

1 

h 

cj '- M 

Y'- 

TheettUvaX T<jpr (tmrhout gtept) 

Thforttieiil Type (leithout neptj 
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' = • '■ (>)• 

Or, tn (vnn-'ri logarithtn?, 

log I =5 leg f, 4- 01015 (1 a), 

in rlnch <J ilra'^lc^ llie inlitjingrnt (60 fret), nnil f, t!ic giren tliickncss 
(61 feel) *t ike giren dfplli (120 feet) below the lop. Tlic thickness at 
the top is 18 74 feet. 

Tlie range of different depths to which the fame profile is applicable 
wiihont any wa*te of material extends from the greatest depth shown on 
the drawing, 160 feel, up to 110 feet, or lhere.ibonls. For depths be- 
tween 110 feel and 60 or 90 feet, or thereabouts, tbe waste of material is 
cnimportanL For depths to any considerable extent less than DO feet, the 
n«e of a part of the eamc profile gircs a surplns of stability. For example, 
Sf the depth be 50 feet, the quantity of material is greater than that which 
is necessary in the ratio of 1*4 to 1, nearly. For the shallow parts, bow- 
erer, at (ho ends of a dam (bat is deep in the centre, it is prefcrsblo 
to use tbe same profile as in deep parts, DOtwitbstanding this expenditnro 
of material, In order that the full adrantago of the abntment against the 
sides of the rarioe may be obtained. In tbe case of a dam that is less deep 
in the centre than 110 feet, the following rale may be employed. Con- 
Etrnct a profile similar to that suited to a depth of 110 feet, with all the 
thicknesses and ordinates diminished in the same proportion with the depth. 
The intensity of the Ycitical pressure at each point will be diminished in 
the same proportion also ; but this does not imply waste of material ; the 
whole weight of the material being required in order that there may he 
no appreciable tension in any part of tbe wall. 

450. In order that the pressure may bo equally distributed through 
the work, the dam should be one homogeneous mass, built in every part of 
the same kind of material. No. interior or exterior facing of ashlar, 
which may have a tendency to separate from the rest of the work, and no 
partial use of cement or concrete must be permitted. In order to increase 
the resistance to sliding, horizontal courses must bo rigorously avoided, 
(the bed-joints of such courses tending also to become channels for the 
leakage of water). The dam mnst simply be a mass of nneonrsed rubble 
laid in hydraulic mortar, without any hollows, every portion resembling 
tbe rest of tbe work as closely as possible. 

The very fact, however, of the irregular structure of ‘uncoursed nibble’ 
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masonry render necessary nnnsual care and vigilance in superintending 
its erection, in order to insure that every stouo sliall bo iborowgbly and 
firmly imbedded, and that there shall be no empty hollon's in the interior 
of the wall, nor spaces filled with mortar alone where stones ought to be 
placed. In such work the practice of “grouting ” or filling hollows by 
pouring in liquid mortar shoold be strictly prohibited. 

Should it be decided to insert in the face of the wall headers or long 
bond stones, these stones shoold be laid with their lengths not horizontal, 
but normal to the face of the wall. 

The foundation should he sound rock if practic.able ; it may be doubted 
if any earthen foundation is thoroughly to he relied on where the depth 
of water exceeds 100 or 120 feet. 



SECTION V -STEENGTH OF MATEEIALS. 


Itwaa intended thtt the whole of the Chapters on “ Applied Mechanics,” 
scattered in different parts of the original Treatise, ahonld hare been collected togo< 
ther, adapted to a nniform spatem and notation, and re-written, where necessarp, to 
bring them np to the state of Modem Science, to form together a College Mannal of 
Applied Mechanics. Bat the call for a new Edition of the Treatise has been for 
some time so urgent that this plan eonld not be carried oat in this edition : anch 
Chaptera onlp as were readp for the new Mannal hare been inserted: the following 
^apters hsTC been, cntlrelp re-written* on a nniform plan. 

SXf. rrellminarp. 

XSIL Tension. 

XXUI. CoopressIoB. 

XXIV. Elastlcitp. 

XX7. Stresses la Tresses. 

This explanation is necessarp to explain the evident difference of scope of theso 
from the remaining Chapters, and the at present nnaroidable absence of nanp refer* 
eneei to articles sot printed with this edition. 

This will be remedied in the next edition 

The following is is list of the anthorities which bare been consulted in 
preparation of the new Chapters. All results given hare been in every 
case compared with the originals here quoted - 


Bclidor, ••• 

.. La Science des logeoieurs, ... ... 

1813 


r Essay on Strength and Stress of Timber, 

162C 

Barlow, P., 

.. i Strength of Timber, 4c., 

1845 

(strength of Materials, 

18C7 

■Whcwell, W., 

.. MechanicB of Engioecring, 

1841 

Bondclet, 

.. L’Art de Batir, ... 

1842 

Tredgold, T., 

... Strength of Cast-iron, 4c , 

1642 

Morin, A-, 

.. BcsisUnce des SlaUriaux. 


Hodgkinson, E., 

1 Experimental Researches on the Strength, 
\ Ac., of Cast-iron, 

1646 

Moseley, IL, 

f Mechanical Principles of Engineering and 
Architecture,... ... 

1813 

• Dj C*i't. AKi. 

aCDC&n<r!.«a,IlX.,IIgc 7 rct:.iir et Inrc'* 
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{ Manual of Applied Mechanics, I8G4 

Manual of CiTil Engineering, ... ... 1870 

Uscfnl Rales and Tables, 1870 

( Application of Cast and 'W’ronght-iron to 

Building pniposes, 1864 

Useful Information for Engineers, ... 1864 

Medley, J, G., Major, ] 

B.E., ... ( Professional Papers on Indian Engineer- 

Lang, A. M., Major, f ing. First and Second Series, . . 

R.E., ) 

^omson^ Sir W., ... I 

Medley, J. G., Major, Roorkec Treatise on Civil Engineering 

R.E., in India, ... ... ... ... 1860 

Stoney, B., ... Theory of Strains, ... ... ... 1869 

{ Wronght-iron Bridges and Roofs, ... 1869 

On the Construction of WrougUt-iron 
Bndges, (Chatham Lectures,) ... 1871 

CHAPTER XSI. 

PRELIMINARY. 

Careful attention should be paid to the following definitions 
451 . Load. — The external forces applied to any Strncture In Engi> 
nccring are styled “ Loads among these may bo classed the weight of the 
Strncture itself, and also the Re-actions of the Supports. 

Tlie combination of all the external forces applied to a whole Strnctnro, 
or to any single piece of a Structure is called the “ Load " on the Strnc- 
tnre or on the Piece respectively : this includes Iho weight of the Structure 
or Piece, and the Rc-actions at the supports. 

Dtad Load and Live Loud.— The steady part of the Load is called “Dead 
Load” (this evidently includes the weight of the Structure itself): the 
rapidly moving part of the Load (s. y., the wciglit of a train in rapid mo- 
tion), or a suddenly applied Load (such as a shock or impact) is called the 
“ Live Load.” 

This distinction is important in practice, os it will be shown in Art. 476, 
that the straining effect of a Live Load is more violent than that of a 
Deal so that the Dead and Lire Load have nsnally to be separately 
Considered in Design. 


ri864 
S to 
I 1872 
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452. Strain. — The first oJsfircd effect of the Load applied to a 
Strncinrc or Piece is the production of some change in the original Size or 
.Shape of the parts of tho Structure or of the Piece, e. g., elongation, con- 
traction, distortion] &c. 

This change rf aitt Gt thape at nhatercr kind is termed "Strain”: 
hence Strain is cridcntlj a quantity that can ho seen and measured. 
Load applied in different n'ays prodnccs different kinds of change of size 
and shape, t*. e,, Strain of different kinds. 

The Trholo Strains prodneed by a giren Load are not produced quite 
suddenly, hut time is required to allow the whole straining effect to take 
place. 

A’i?.— Many aathors ose the term “Strain” both in the sense used here, (and 
which alone will be nsed in this Jfannat,) and alto to what is termed “Stress ” 

in this Manoal. The distinctionheredrawn betneen the two is adopted now in manj 
Scientific Works, and will be found very conrenient. 

463, Resistance and Strength. — Thesuppoit offered by any Strnc- 
tore or Piece to the Load applied is termed Itesistauce.” The powr of 
resisting the fractnre which Load (ends to produce is termed ** Strength." 
The "Strength" of a Piece U neaaured Ig tho " Resistance" it offers 
to the " Load." 

Thns Strength and Resistance are not synonymous ; Strength is merely 
a quality of materials which is measnred ^uanfitativriy by Resistance. 

Before the straining action of a Load is complete, there is motion, (yiz., 
change of Strain) among the particles of the materia], so that tho Total 
' Load is eridcntly greater than the Total Resistance called into play at 
that instant. The determination of the " Resistance” at any instant 
before the straining action is complete U a very complex problem in 
Dynamics, bnt this determination is never required in ordinary Engi- 
neering. , 

"When the straining action of the Load is cowp/efe, there is no further 
motion, so that there is then equilibrium between the Load and Resistance. 

In ordinary Engineering this case only is considered, and thus 

Measure of Strength = Resistance = Load (1), 

454. Stress. — This term is applied to the combination of forces on 
either side of any arbitrary section thiougli a structure or piece. 

Thus it partakes of the nature of both Zjoad and Resistance, and may 
be divided intc* External Stress and Internal Stress. External Stress on 
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any Piece of a Structure may be defined as the Resultant 'of the Loads 
applied directiy to other Pieces of the Structure and transmitted through 
them to the Piece in question. Thns External Stress on any Piece is the 
“ Virtual ” Load on that Piece due to load indirectly applied. 

Example. — The resolved parts of the Loads parallel to the bars of a 
Prarned Structure are called the Stresses on or along those Bars. These 
are External Stresses. 

Internal Stress at any section is the combination of forces at either side 
of any section, those on one side being due to tlie action of the Load 
transferred through the material of the piece to that section, those on the 
other side being due to the Resistances of the material at the Section. 
Hence referring to equation (1) since there is equilibrium Tvhen the 
straining action is complete. 

Load or External Stress = Resistance (or Strength) = Stress... .(lA.) 

455. Load, Strain, Resistance, Strength, and Stress, — It vrill 
he observed (hat Load produces as its first efiect Strain, wliich is opposed 
hySesistance, and that the combination of forces produced by the Load on 
either side of any section is termed Stress (viz., Internal Stress) : thus 
Strain, Besistance, end Stress are all produced by the Load. ' 

Also Load, Resistance, and Stress are of the same kind, and measur- 
able in the same units (generally in pounds or tons). Strength is merely 
a quality, measured by Resistance, but nevertheless inherent in ma- 
terial. 

Strain is a visible quantity, measurable in inches, in circular measure, &c. 

The following is an illustration of the meaning of these terms:— 

Example. — A man lifts a weight W. Then "W is the Load ; the elonga- 
tion m any sinew of his arm produced by the Load is the Strain' of that 
Sinew ; the soppoit given to the Load at any section of the sinew is the 
Resistaiice at that section: either of the set of forces on either side 
of the section is the Stress at that section ; when motion, i. e., change of 
strain, has ceased, these Stresses are equal and opposite : the sinew is tn 
n state of strain, viz., elongation : the feeling of exertion or fatigue is 
an evidence and a measure of the Stress. 

456. Intensity Classification. — The five quantities," Load, 
Strain, Resistance, Strehotu, and Stress are simallaneoushj classified 
into four Classes, according to their intensities, viz. (1), Breaking or Ulti- 
mate; (2), Proof; (3), ■\Vorking or Safe; (4), Actual. 
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As all HiTC! TRTj simuUavtwsIff, ttcy nil fire rccciTC these qnalifylng 
attributes Eimnltnnconslj : their mutual relations arc as already defined 
and Equation (lA) is applicable. 

(1) . The Breahing TIVijAf or Load is that “ Dead Load ” which is 
just sufficient to produce fracture. It will be denoted by P (measured 
in lbs.). It produces the Ultimate iStroin, Ultimate Ilesuiance and Ulti- 
mate Strese. 

The Ultimate Strength is measured by the Breaking Weight. 

(2) . Tlie Proof Load is that ** Dead Load ” which will proi*e or test a 
Piece (by straining it) to the utmost extent possible without permanent injury. 
It produces the Proo/5/roin, Proof Beststance and Proof Stress; the Pj-oof 
Strength is measured by the Pioof Load. 

It has been ascertained (by experiment) to be a certain fraction (depen- 
ding on the materi.vl) of the Breaking Weight, varying from \ to 

(3) . Tlie iroriiinj or iSrt/e Load is the maxi/nimi “ Dead " Load which 
a Piece can iear safely for a length of time. It will bo denoted by W 
(measnicd in pounds). It inu«t obvtoudy be less than the Proof Load to 
provide against defects in material or workrnau'ship. It U usoally taken as 
some fraction (ascertained by experience) of the Breaking Weight or of 
the Proof Load. It produces tho Working or Safe Strain, the Working 
or Safe Besistanee, and tlio Working or Safe Stress. 

• The Working or Safe Strength is measured by the Working or Safe 
Load. 

Tho Working or Safe Load, Sthaik, Kebibtance, Strekqth, and 
SinEss are by far the most important in Engineering of the four classes 
in this Classification. It is an inparuiWe rule in Lngintering that all 
Structures must' ha designed to carry Ibis Load (being the maximniu in- 
tended load) safely as a permanency. 

(4) . The Actual Load is any Load that may be actually on a Struc- 
Inre or Piece. It should of course be, if temporary, less than the Pi oof 
Load, and if of any duration less than the Working or Safe Load (being 
that for which the Stfiictnre was designed). It is eometimes but not 
often nccess-ary in ordinary Engineering to consider the effects of this 
Load, viz., Actual Strain, Actual Resistance, Actual Stress. 

457. Factor of Safety^ — This has been variously applied by dif- 
ferent writers to each of the three following ratios, viz. : — 

Breaking Weight ; Proof Load ; Working or Safe Load. 
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In this Treatise it 'will generally Le applied to the ratio of Breaking 
"Weight to Working or Safe Load, and denoted hy s. 

Hence Factor of safety = Breaking Weight Working Load, 

t. e., s s=r P -r- W, and P = s W, (2). 

In consequence of Lire Load, i. e., Load soddenly applied, producing at 
first in general Wice the cfTect (aee Arts. 476 and 477 on Resilience) of 
Dead Load, i. e., Load gradually applied, it is usual to make the Factor of 
Safety for Lire Load of all kinds, (e. </., rapidly moving Loads) twice that 
for Dead Loads, the “ Breaking Weight” being by dejiniiion determined 
by experiment on Dead Loads. 

Hence if W' be the Dead Loadf W" the Live Load on a Structure, 
also s', s" the Factors of Safety applicable, then 

P = s' W' + s" W^' or P = s' W' + 2 s' W" ...(3). 

Factors of safety are fixed by experience, they vary for different mate- 
rials, and for different applications of Load : the values given by different 
authonties also vary. 

The Proof Load of Cast-Iron and Wrooght-Iron is generally given as 
^ of Breaking Load. 

Timber, Etone, and Brick ate not generally exposed to proof, so that no 
well established ratio exists for them. 

The following ralaes of Factors of Safety a\e given on anthority of Prof. 
W. J. 3L Rankine* as a general summary of experience of the profession. 


ConAiUona. 

Yslusof « 

= P^TV, 

Dead load. 

Lire load. 

For perfect materials and worktnansbrp, .. .. .. 

2 

4 

For good materials and workmansbip : — Id metals, . . 

3 

C 

n » » >• timber, 

' 4 to 5 

8 to 10 

11 It 11 1 * masonrr, .. 

4 

8 


Other vnlnes will be given in detail in the appropriate places : it may 
here be noted that many authors consider the proper value of a for timber 
to be 10 for Dead Load. 

458. Modulus of Fracture or Rupture.— The intensity of Dreal- 
• r.icUce’i CItQ XogtCMTlDff, eib XlJUiTn, Art. 113. 
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ing Weight in pounds per sqnarc inch of area is called the Measnre or 
JIoDCLus OP Rcptcre : it will be denoted bj f with a letter subscript to 
indicate the kind of fractnre intended, (s« Art. 461). Thns— 

Jlodulns of Rnptareor^ = 

=s Intensity of Breaking Weight (in pounds per square inch) = 

=5 Breaking Load of a Piece of one square inch area of cross sec- 
tion (j). 

459. Applications of Load. — ^Thcre are two principal modes of 
application of Load, viz., I. Lokoitddikal, II. Traksveuse. 

I. lAjngitmUnal or Direct Load is direct in its application ; it is sub- 
divided into two principal opposite varieties, viz., (1), Tensile; (2), 
Coniprcssire. 

II. Pransrersc Load is indirect in its application; it is snbdivided 
into (1), Shc.aring; (2), Twisting; (3), Bending. Each of these five 
wiodes ofappUeniionot Load produces-ilspeculiarkind of Fracture, Strain, 
Jlesistance and Stress, some of which have distinctive names. The form 
of Strength and the klodulos of Rupture pccnliar to each kind of Load> 
application receive a similar name. These are exhibited in one view in 
the following Table, to which the additional terms, viz., State of Strain 
and Pliability {see Art. 53C) have been added. 

Load applied in one manner will, however, frequently prodnee Strain and 
Stress, &c., of teveral kinds at once besides that enumerated as peculiar 
to it. This will appear in the sequel. 

The most important of these oppiicationi of Load to Eogineering Struc- 
tures are— (1), Texsile; (2), Compressive; and (3), Bendixo. It will 
be shown that Bending may be resolved into— (1), Tensile; (2j, Compres- 
' sire ; (3), Shearing, Stresses. Btmetores in Engineering are seldom exposed 
to Uvxsting, so that the Twisting application of Load seldom requires to 
be considered. 

It follows that the kinds of Strain and Stress of primary importance are 
—(1), Tensile', (2), Compressive; (3), Shearing — and of those (he first 
’ two are hy far the most important in Engineering. 

460. It may seem that an nnneces«ary number of terms have been in- 
Irodneed into the above enumeration. It is in fact not rece«*ary to make 
use of them all in one book ; nevertheless they are all in common use 
in the profession, and require to be understood in order that Works of 
different authors may be read intelligently. 



Etrco^h. I Strm | Ractare. | Fliablllty. 
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Cross* 

breaking, flexibility. 
llDpturc. 





















448 


FRBLimNARY. 


5 " ~ Factor of Safety (applicable to Live Load ‘W’") = P-t-W'', 

St = Safe intensity of direct Teu&ile Stress (iu tons per square inch) 
2240 fi. 

Se = Safe intensity of direct Compressive Stress (in tons per square 
inch) =/fl^2240 s. 

A Area (in square inches) of a cross section of any material, 

At = Net area (in square inches) of tension flange. 

At = Area (in square inches) of web. 

Ae = Gross area (in square inches) of compression flange, 

.*. A = At 4* -A* + As (iJi Girders). 

6 = breadth (in inches) of the area A. 

d = depth (in inches) of the area A- 
t = thickness (in inches). 

I length (in inches) ■) . ^ 

L *= length (in feet) J 
X s Strain (in inches) of 1. 

Xt Elongation (in inches) of 1. 

X« ss Contraction (in inches) of L 
E s Modulus of Elasticity in pounds per square inch. 

Et as Modulus of Tensile elasticity in do. 

Efl as Modulus of Compressive elasticity iu do. 

Ed !!= Co-efficient of Deflection-elasticity in do. 

S = Maximum deflection in inches. 

.s = Co-ordinates of length, breadth and depth (in general). 

462. Principles of Design.— “Design” is the art of arranging ma- 
terial to the best advantage to carry given Loads. In theoretical Applied 
Mechanics this is to be understood to mean in the manner most favorable 
to utilizing the full powers of Resistance of tho material, and therefore 
most favorable to economy of material, (after giving due regard to other 
considerations, such as testhetic, convenient, pecuniary, &c). 

The Principles of Design maybe thus summed up “ After the straining 
“ action of the Load on a Structure is complete, there is statical equilihrixnn 
“ amongst all the forces at each point of the Structure, so that the principles 
“of equilibrium of rigid bodies (ns given in Elementary Statics) are then 
“applicable, both to the w/iofe structure, and to eiery part of it. Fur- 
“ tlier, a btrnctnre must possess Stability, Strength, and Stifness both as a 
and in every part 
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Tlie foIloTring relations mnsi therefore obtain among the Loads and Re- 
sistances (see Arts. 4G3, 464, 465). 

463. Stability. — The conditions arc— 

(1) . The algebraic snras of all the external forces (inclading 

"Weight of the strnctnre', and Re-actions at supports) resolved parallel to 
any three straight lines at right angles (or otherwise) must separately 
yanisli (5) 

(2) . The algebraic sura of the moments of all the external forces round 
any three axes at right angles (or otherwise) most separately vanish... (6). 

These six conditions are nece$aary and sufficient for the Stahilily of the 
StnicUirt as a whole. 

The same six conditions applied separately to each piece of the Strnc- 
ture arc necessary and sufficient to the Stability of the several pieces. 

The above may be called the Conditions of St.nbility. 

464. Strength. Tho conditions of sulScient Strength arc quite 
Bimllar. 

(1) , Tho algebraic sum of all the forces fwhelhor external Loads or 

iutcmal Stresses) at every section through the Slructnro resolved parallel 
to any three directions at right angles (or otherwise) must separately 
vanish 

(2) . The algebraic sum of the moments of all tho forces (whether 

external Loads or internal Stresses) at every section through the Stnic- 
ture about any three axes at right angles (or otherwise) must separately 
vanNh 

Tlicse six conditions arc necessary and sufficient to the Strength of tho 
Structure as a whole at every section right through it. 

The same six conditions applied separately at every section through 
each piece of the Structure arc necessary and sufficient to tho Strength of 
each piece. 

465. Stiffness. — Beside SlabiHly and Strength, a Structure must 
possess sufficient stirTness, both as a ichnte, and in eivry part, to prevent 
such strains as would imdnly diffijure it, as ench di«fignrcment alone 
might render it useless for the parpo«c intended, althouyh both stable 
enough, and strong enough for the purpose. 

Tho amount of disfigurement (Strain) pcrmis'ible in a Structure de- 
pends chiefly on various /irartica/ considerations according to the we for 
which tho structure is intended. 

TOt. I. — TniiiD EOiTieer. 8 M 
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Tiic mathematical treatment of stifincss ^ill he considered hereafter. 

466. The principles just giren (Arts.4C3, 4G4, 4C5,) shonW he carc- 
fnlly considered, as it rrill he found that the Mathematical Treatment of 
lEngineering consists simply of Mefr rq^cafetf application. 

It might be thought that their repeated application as indicated vronld 
iaTolro cnormons labor. In practical Engineering, howcTcr, it fortan- 
atclf generally Ijappcns, the forces arc to distributed as to lie nearly all 
in one plane, and that the actual calculation of those out of the principal 
planes is unnecessary, (e j., in Trusses, Girders and Arches it is seldom 
necessary to calculate any Stresses except those in planes parallel to tho 
faces of tho tmss, girder or arch). 

This materially simplifies tho calculations, as though tho uholc set of 
six conditions is of course necessary to c(iuilibriam, three only xvill have 
to be used in fitneral in calculation. 

These throe conditions arc those of e<iuiUhrinm of Forces in a plane, 
viz.— . 

(1) . Tlio algebraic sums of all the forces resolved parallel to eny two 

directions at right angles (or olhemiso) in their plane must be separately 
zero... ....(SB). 

(2) . The algebraic sum of tho moments of all the forces about any 

point in their plane must he zero 

Thw set of three conditions must of course hold both for tlio Structure 
as a whole, and for every piece of it, and further must hold separately 
among the external forces or I/iads for Stability, and among the External 
Loads and Internal Stresses for Strength, 

It is, moreover, fortunately generally possible by suitably choosing tho 
points at which these conditions are to be applied to reduce Me number of 
applications oi these conditions to ohowr one or tiro for each piece of a 
structure, so that tho amount of calculaUon practically rcijnircd is by 
no means so great as might appear from tho mere statement of tho 
conditions. 

Tliis will be tetter understood after reading tho Chapters on Transveno 
Elrain. 

It should ncTerthclc^s be disUcclly understood that the wholo ret of 
conditions mast tblaia at every aeclJoa of every piece of a Slructnre. 

407. Stress arrd Stmln.— Tlie Ircalrocnl of combination of Elrcs- 
m and cf Elralns in a jfr.cnil manner Is far too difiicult for a dboilc of 
this hind. The Student is rfferred lo IJigh-Class ^VoTU for their syilc- 
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tnatic treatment, t. fj., Thom'on and Tail'a Nalnral PhUosophy, and Ran- 
kinc'd Manual of Applied Mechanics. 

In j'ractical Pnginecrinj:, sncli ^fral treatment is seldom necessary. 
Wliat follows will I'c sufTiciCnl for raostcascs. 

4C8. Total or Whole, and Intensity,— Carcfnl attention should 
to paid to the iliftinetion between these terms as applied to Load, Eestst- 
ance, Slrets and Strain. 

"Dcr.— Total or JITioU Load, Resistance, or Stress on a piece of mate- 
rial, is the sum of all the Loads, Resistances or Stresses of a given kind 
on that piece. 

Dcr . — Total or TThole Strain is the whole visible change of size or shape. 

Per.— f7/ii/bm Intensity of Load, Resistance or Stress at a point in 
a section, is measured by the number of units oj" xceight per vntl of area 
round t/iflt point. 

In this ilanual it is denoted by f p, or ic, with letters subscript (Arts. 
459 and 4CI) to indicate the characterof Stress, and is usually measured 
in pounds (or tons) per square inch. 

Ref.— Cfn^rm Intensity of Strain at a point in a section is measured 
by the quantity of Strain per unstrained unit, < g., 

ii'near Strain-inUnsity is measured by the Strain or Ciiange (in inches) 
per linear unit, (viz., per inch,) i. e , is denoted by X f. 

Culic Strain'tntensity is measured by the change of volume (in cubic 
inches) per cubic unit (viz., per cubic inch). 

Shearing Stram-intensily is measured by the co-tangent of the angle 
of fl distorted prism, square when unstrained : it will be denoted by v. 

Dnr . — TanalU Intensity of Load, Resistance or Stress, also Strain 
at a point in a section arc measured (by the principles of InCnitesimals) 
by the number of «nj<a of icetght per unit of area, or by the quantity of 
strain per unstrained unit, rcspeclirely, round that point estimated as if of 
the same uniform intensity as the actual inrcNSiry at that point. 


These definilions will he noticed to he analagoas to those of the measures ot uni- 
form and variable velocities and accelerations in elementary Dynamics and of fluid 
pressures in elementary Hydrostatics, to should present no difficulty to the Student 
who has mastered those branches They will be recognized by the Student of Dif- 
ferential Calculus as eqniialentto the following equations (compare Eq 4), 


~ 5a' “ i?A’^ “ 5 a ‘I” (^)‘ 

From the preceding definitions it follows that, if intensities of Loail, 
Reelstance, or Stress be represented by lines, then Total Loads, Rcsis- 
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The mathematical treatment of stiCfncss ^ill bo considered hereafter. 

466. The principles jnst given (Arts. 4G3, 4C4, 465,) ehonld be care- 
fully considered, as it ^111 be found that the Mathmaiical Treatment of 
Engineering consists simply of their repeated application. 

It might be thought that their repeated application ns indicated rroold 
involve enormous labor. In practical Engineering, hovrever, it fortun- 
ately generally happens, the forces arc so distributed as to lie nearly ail 
in one plane, and that the actual calculation of those out of the principal 
planes is unnecessary, (e. g., in Trusses, Girders and Arches it is seldom 
necessary to calculate any Stresses except those in planes parallel to the 
faces of the truss, girder or arch). 

This materially BimpliBes tho calculations, as though the whole set of 
six conditions is of course necessary to equilibrium, three only will have 
to be used m general in calculation. 

These three conditions arc those of equilibrium of Forces in a plane, 
viz.— . 

(1) . Tho algebraic sums of all the forces resolved parallel to any two 

directions at right angles (or otherwise) in their plane must be separately 
zero (5B). 

(2) . The algebraic sum of the moments of all the forces about any 

point in their plane must be zero (GB). 

This set of three couditions must of course hold both for the Structure 
as a whole, and for every piece of it, and further must bold separately 
among the external forces or Loads for Stability, and among the External 
Loads and Internal Stresses for Strength, 

It is, moreover, fortunately generally possible by suitably choosing the 
points at which these conditions are to be applied to reduce the numler of 
applications of these coudilions to about one or (too for each piece of a 
structure, so that the amount of calculation practically required is by 
no means so great as might appear from the mere statement of the 
conditions. 

This will be better understood after reading the Chapters on Transverse 
Strain. 

It should nevertheless be distinctly understood that the whole set of 
conditions must obtain at every section of «v«rjr piece of a Structure. 

467. Stress and Strain.— The treatment of combination of Stres- 
ses and of Strains in a general manner is far too difficult for a Work of 
this kind. The Student is referred to High-Class Works for their syste- 
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matic treatment, e. g., Thomson and Tail's Natural Philosophy, and Han- 
kinc’s Manual of Applied Mechanics. 

In practical Engineering, sneh general treatment is seldom necessary. 
■\Viiat follows will be sufficient for mostcases. 

468. Total or Whole, and Intensity. — Careful attention should 
be paid to the distinction between these terms as applied to Load, Jlesist- 
ance, SUess and ,S'^rflj‘n. 

Dep.— T binf or Ultole Load, Resistance, or Stress on a piece of mate- 
rial, is the sum of all the Loads, Resistances or Stresses of n giren kind 
ou that piece. 

Def. — Total or TJltole Strain is the whole visible change of size or shape. 

Def . — Uniform Intensdij of Load, RcsUtanco or Stress at a point in 
a section, is measured by the number of ttinf* of tceighl per vnttof area 
round that point. 

In this Manual It is denoted byy^ p, or ic, with letters subscript (Arts. 
459 nnd 4GI) to indicate the characterol Stress, and is usually measured 
in pound8-(or tons) per square inch. 

Def.— I fni/or/n Intensili/ of Strain at a point in a section is meosured 
hy the quantity of Strain per unstrained unit, e. g , 

Linear Stiain-inUnsitg is measured by the Strain or Change (in inches) 
per linear unit, (viz., per inch,) t < , U denoted by X -r /. 

Ctih'c Strain'-intenstly is measured by the change of volume (in cubic 
inches) per cubic unit (viz., per cubic inch). 

Shearing Strain-inlensitg is measured by the co-tangent of the angle 
of a distorted itrism, square when unstrained : it will be denoted by y, 

Def. — Vartalle Intensilg of Load, Resistance or Slrc's, also Strain 
at n point in a section are measured (by the principles of InCnitcsimals) 
hy the number of units of xceight per vnit of area, or by the quantity of 
strain per nnstroinsd uni’t, respectively, round that point estimated os if of 
the tavie uni/onn I'ntcnsi'ty as the actual intenstly at that point. 


TliC'c definitions wilt l)C noiiecJ to be •nals^os to tho«c of the measnrM of onl- 
form «nJ rariaUc Tclocilics «nd amlrrations la ete»ifntary l>Jtiamics and of Cnil 
I'res«arcs in riemriit4fy Hjdri**tatie«, fo sbouM pre^too diClcoliy to the Ptadent 
who bas ri.vtercJ tlio«c branches They will be recoj^niir*! It the Stodeot of Dif- 
ferential Calcnlns as eqciTslent to the fcllowie^ e<]catioci (eornfare ly) t), 

tf.V <f.\ * 

Prom tlic precciling definitions it follows that, if in*rvsi'ift of I.oa^, 
Reti'taucc, or Stress I'C rcprestiiUd !y liner, then Tctal LcaJt, Ilfiit- 



452 


pnntisiiXARY. 


tances, or Stresses arc conveniently represented by i^ohmes of solids. 
This graphic method has the advantage of conveying clear ideas (even to 
those not acquainted with Integral Calculus) of both the magnitude and 
position of the Resultant Load, Resistance or Stress. 

469. Parallel Stresses on a plane area. — Thus for a Load, Re- 
sistance or Stress (whoso components arc parallel) in the case of a 
plane area A, (see Fig> 1). 

Let P = Total Load, Resistance or Stress distributed in any manner 
over the area A. 

Let p = Intensity of Iho Eame, at any point P in that area whose co- 
ordinates (referred to rectangular axes Ox, Oy in the plane of A) are 
OL = X, Oil = y. 

Then if the intcnsitfcs (p) bo represented by lines as PH dnawn per- 
pendicular to each point as P of the area A, the Total Load, Resistance, 
or Stress (P) will be represented by the volume of the prismatic or cyHpdrio 
EoUd whose base is the area A, and whoso upper surface is formed by the 
upper ends of the ordmates such as PN (which ^represent the intensities 
from point to point of the area A). 

Thus if V be the volume of the solid, tu the weight of a cubic unit of it, 
£0 that p s ivs. Then 

P = ta V 8). 

Also the “ Centre of Stress” is the point in the area A immediately 
below the “ centre of gravity ” G of the represcntalivo solid V (9 ). 



Tliese tiro results, which give the magnitude and position of the Htsult- . 
ant of Parallel Loads, Resistances, or Btrcsscs on n plane area arc perfectly 
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p^r^rnl. TIi't liowfTcr, in y/'nmi/ be fijTC«*ed in ftlgelratc for- 

mul** til" ni 1 of til" Into;;ra! Calcnlas. 

470. Ca*" I.— lx's !, Ilf»i«tancp, or Plro«« t'J vniforrx tnfcntU’j (p). 
111!* I« t\f only rrr^ ti’^pU ca*o, nn'l forlimstolj’ (ht mo// vtfful in I'o- 
pln""nn!:. Tlir onlmatoa a« I*X rrprr«pntmp the intcRslti"a will cridenl- 


1t l-c of ciHal length, nfi'l the upper unrface of the reprc«cnt.ntiTe /olid will 
to • p1*'io Area, c<in»l m oUr(*p'cU to And parallel to A, «o that V s . A, 
where f r= /» “ ir, A constant qisantilj. 

lienee I’ = lo V =s: /> . A, al«o p = P - 7 - A fSA). 

Al‘o the " Centre of Ftre*a ” in the centre of praritp of A (9A). 


In Ihii ca«e, the otiljp dilheullj in (imlinp cither P or p, when One is 
given, will !■« in calcnlating the area A. 13ul in lingineering practice, 
the area A is n*«allp /ome eimple figure whose area can be immedtalclj 
fonnJ hj I'lementary Geometrj. 

a.B . — Of coniK remit (^A) conlj be obfainol at onee bj integration from (7) 

thoi i/I* s= r f»i/A s p ^d\ rz pS. 

Case Ivoad, nesistance or Stress of xarMlt intentii^ (p), but 

(fthe tame tijn, 1 . e., cnlirelr tensile, cnlirelj crushing ,or entirely shear' 
Ing of one direction. In consequence of the ordinates as PX (represent- 
ing the intensities) rarring from point to point of the area A, the repre- 
sentative volume Vc.muot be expressed algebraically without tlic aid of 
the Integral Calculus. 

Here P = teV = = jy * P (SB). 

the integral being extended over the whole area A. 

Bcsnlt (9) cannot be more simply expressed • if x,y be the distances 
of </, the “ centre of Stress ” from the axes, then it is shown in Works on 
Analytical Mechanics that 

® = \ J* J'P^ \ w- P| y = \f^f T'J P C9B). 

the integral being extended over the whole area A. 

Also if p» = mean intensity of P, ( 1 . c, as if nniformly distributed), 

Then — 

P = A, andp» = P -f* A .(lOB). 

Case — 'Load, Bcsistancc, or Stress of variable intensity (p), hut 

of two contrary signs. 

This should be treated as Case 11(a) by the method of Case 111(6), 
following. 

Neither Case 11(a) nor II(J) are of much importance in Engineering. 
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Case III.— Lend, IlosistaRcc, or Stress oj vnifornily-varying intensUy. 

This is the most simple case of rarjing Stress, and fortunately one of 
tht most useful in Engineering. 

By “ uniformly -varying ” is meant rarying as the distance from some 
fixed line in the area A : this line may be called the “ line of no Stress.” 

In this case also the Bcsults (8), (9) cannot be expressed algebraically 
in n general form, (i. e., applicable to any figure) vritbout the aid of the 
Integral Calculus. 

But in Engineering pracf fee, the areas are of such simple fgttre, and the 
“ line of no stress ” so situate trith respect to them that the Bcsults (8) and 
(9) can generally be evaluated in an algebraic formula by Elementary Geo- 
metry in each particular case. Many examples of this will occur in the 
sequel, in which the Student wilt find that (he use of Integral Calculus is 
not essential in the simple cases which occur in practical Engineering, 
although of considerable help in shortening the work. 

This caso may bo divided into two, bvth of ^reat importance in practi- 
cal Engineoinj, 

(o). Stress of one sign, e. fj., entirely tensile, entirely crashing, or 
entirely shearing in one direction. 

Example. — Fluid Fressure, Earth Pressure, also Punching, Slotting, 

(6). Stress of contrary signs, e. «?., tensile over part, and ermhing 
over cart of the area, or shearing of opposite directions over different parts 
of the .area. 

ErampU. — In Cantilevers, Beams or Girders. 

Case in(o). — Vnifomiltf-rarying stress of one sign. Take the axis Oy 
as the line of no stress, then the condition that the stress is uniformly- 
varying i-s thus expressed, p or PN « ilP {Fig. 1). 
t, c , j> = vw I, (where wr = stress-intensity at unit-distance) .(1 1). 

The upper surface of the representative solid is evidently an inclined 
plane passing through the “line of no stress” Oy, 

Henco icsuU (8) may.be expressed in a form similar to that given for 
Total Fluid Pressure in Elementary Hydrostatics, thus : Gy, is tho 
“mean lino” of the representative solid, and therefore the line of action 
of the Resultant or Total Stress (P)j also if y,' ho the centre of gravity 
of the area A, then will its projection g* be the centre of gravity of the 
upper plane surface (this being a projection of the area A) : hence ns iu j 
Elementary Hydrostatics ; if be the moan pressure, i 

IP X y,'y/ == p, = -cr X m/y/, (IOC). J 

Hence P = I’.-V = ip x A x y,'y/ zrp, A = nr x A x w/y/> C^C). j 

yjt. — Tlie follow ins alterations should be made in Fi^. 1, pnsc 4S2. ^ 

Coaicrt Ri„ 'll, y, into M,', “ j 
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Itcsnlt (9) cnnnot be more simplj expressed. 

These results cannot, liowcTer, be expressed in an algebraic general form, 
(i. applicable to any case) mthoat the aid of the Integral Calculus. 


The general expressions are 

r = Jpy xr J*xy dx, (8C). 

a? = J* (9C). 

V = p, A ■ (IOC). 


In practical Engineering, Lowerer, the figures of area A arc usually so 
simple, and the “line of no stress,” Og so situate that the results (8C), 
(9G), (lOC) can often be CTalnated by Elementary Geometry in each pat ti- 
cular case (although these results cannot be expressed in a general form 
except as shown). Many instances of this will occur in the sequel. 

Case III(i.) — Uniformlg-varging stress of two contrary signs. The 
Total or Besultant of Load, Besistaocc or Stress, and also the “ Centre 
of Stress” are to be found for the Stress of each sign separately m in 
Case Ill(a). These two resultants form a system of two parallel oppo- 
site forces applied at thcir“Ccntrcs of Stress.” Their Besultant, and its 
point of application (or “Centre of Stress”) are to be found by tho 
rules for a pair of parallel forces (for which sec any elementary work on 
Statics). 

If the two partial resultants be eqnal, there is no single Besultant, and 
no single “ centre of Stress.” Tlic pair of egval unlike parallel Stresses 
form a “ Couple” whoso arm is the distance between the centres of Stress. 
This is the case which obtains in Cantilercrs, Beams, and Girders, and 
will be constantly referred to in the Chapter on Bending. 

471. Work.— Hie technical terra “ Work ” is defined in Elementary 
Dynamics* as the “ prodnetion of motion against resistance ” and as mea- 
sured by the number of units of tceigAt raised one linear unit in height. 
The work-unit is therefore a compound unit comprchcadiog both weight 
and length-units. The usual work-units are 

‘The British work-unit of one foot-pound, (i, one pound raised one 
foot high). 

The French Work-unit of one Ii'fogromm^tre, (i. e., one kilogramme 
raised one mitre high). 

* Todhacter'i “ UecOtaia Xor Crglanm,” CtipWr XTIl., Jed ZS. 
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Other "Work-nnits are occasionally nsed in different problemg, e. g., in 
problems relating to Structures, it is often convenient to take the inch as 
the length-unit (as Trill generally be done in this Manual), in Tvhich case 
the "Work-unit would be one inch-pound^ i. e., one pound raised one inch 
high). 

472. Accumulated Work, Actual Energy, Kinetic Energy.— 
It is shown in works on Elementary Dynamics* that the amount of 
“ Work *' accumulated in a moving body of Weight W, or Mass 
M and velocity y is 

or W . = Weight x height due to the velocity,.. ......(11). 

This is also styled the Actual Energy^ or Kinetic Energy (:. c., Energy 
of Motion) of the moving mass. 

473. Potential Energy, — The amount of Work which a body is 
capalU of performing in consequence of its position, and which it would 
perform if free to move, and is prevented from performing solely by re- 
straint on its motion is called “ Potential Energy.” 

Example (1).— A weight W suppoited at a height h feet possesses Po- 
tential Energy measured by W/t foot-pounds, i. c., if released it would 
fall, and accumulate W/i foot-pounds of Work in itself which would then 
bo its Kinetic Energy (or Energy of Motion) or Accumulated Work which 
it would expend on the earth when brought to rest. 

Example (2). — A spring or a beam bent and retained bent by an 
E.vternal weight W through a distance t (in inches) possesses Wi inch- 
poimds of Potential Energy, which on the removal of the weight becomes 
Actual Energy or Kinetic Eneigy, which is expended in restoring the 
spring or beam, (». e , in motion) to its original condition. 

Tlicse examples may seem baldly worth notice, nevertheless they should 
receive careful attention as important problems, viz., designing Structures 
to resist impact, can only bo solved through these considerations. These 
problems will appear in the sequel. 

474. Total Energy.— 'Tlie ToUil Energy of a system is the sum of 
its Potential and Kinetic Energies. 

475. Conservation of Energy, — This is a principle which has only 
recently been thorongbly established, .md is considered one of the great- 
est discoveries of late years. The principle is that 


ToJhontcr'i •‘MectanlcsfcrBcgtoncw, ” Chapter XVII., 3odEJ. 
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“ The Total Energy of a system thoagh altcyablo in kind is indes* 
*‘tmctih1c in amonnt hy any mnfMaf ae/ion of the parts of the system 
“it«clf,” t. e., “ ihp Total Energy is a constant unantity”. 

In strictnc«t this is only true when crer^ form of Energy is included 
in the term " Total Energy,*’ inclnding therefore Heat, Electricity, d:c. 
among the components of the “ Total Energy.” 

In practical Engineering of Stmctiires, the only form of Energy that 
refjulres to he considered is that of sneh notion as is risible, riz., such 
as is treated of in Elementary Dynamics, and the quanliti/ of such vhills 
motion as is trans/onntd into other funns of motion, such ns Heat, Elec- 
tricity, , is 60 smaff that the principle of the “ Conservation of 
Energy” is ay>/»roxim<if</y true for these visible motions. This is a very 
important simplification of Engineering problems srluch would otberwiso 
be extremely complex, and not completely reducible in the present slate 
of selcncc. 

This principle it of great use In designing Strnetnres to resist impact, 
476. Suddenly Applied Load.— Tlie folloTcing theorem is of sach 
great importance that a rigorous demonstration will be given. 

yViWfcm.— “Tlic Work done by a Load gradually increasing from zero 
to the amonnt W whilst moring through the whole space t is equal 
“ to half the Work done by the same Load W suddenly moved through 
“ the same space 

-It 11 for this reason thtl the “Factor of Safety” for Lire Loads which 
change rapnllr, i(t Art 457, (and arc therefore atm to Sadden Loads) is made 
twice thit for Dead Loads. This reason will be better nnderstood after reading the 
Chapters on Elasticity, and Transrerse Strain. 

Proof. Divide the whole Load W and also the whole space a into a 
Tcrygrcatnumber nof very small equal parts (each of which will, therefore, 
be W n and a -f* n). Suppose for an instant that W increases from 

zero to W by sudden additions of these equal parts ^ ns the partial Load 
describes each division a-j-n. 

Then the Work actually done by the Load when it has attained any 
magnitude as m — whilst passing with gradual iucrement of — through 

the next space -willbeinfrmetKa/etotheWorkdonemthetwofoUowing 

S N 
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cases Tiz., moved through and — ^ moved Ihroogh t. e., 
(bv definition of Work) intennediate to SiH.^and^il •'W.l* 

^ ^ ' n n a n 


Similarlj the Work actuaUy done by the gradually increasing 'Load 
W moving throngh tho cqnal spaces ~ from starting is intermediate for 
each space to tho qaantities written below tho number of that space. 


Space No. 

1 

2 

3 1 

4 




n~l 

n 

Work done by Load at 
beginning of each, 
space. 

1 

0. — 

k-ii 

n n 

t 

n * n 

3W^ 1 

tt B 

... 

1 


n n 

n n 

Work done by Load, 
at cod of each space, j 


2W a 

n « 

n R 




n « 

ftW.jr 
n n 


^Vhole Work actaally done by tho gradaally increasing Load is ifl* 
termediate to the sum of these two, t.c., intermediate to 



I. e , intermediate to ( o + , W ) 2 , iind( ^ ~ . 

I. c., intermediate ^ ond C ^ 'T^dch approach 

to equality as n is indefinitely increased, viz., to i.>., ultimately, 

Whole work done by the gradually applied Load is (I-)* 

Dm is by definition the ** Work done " by tho Load ^ moved 
through tlic space s. Tims the theorem is proved. 

Tilts Tlicorcm may bo alio thus expressed. 

Theorem. “ Tlic Work done by a Load W moved suddenly throngh 
" tho space t is tieice that dona by the same Load increasing gradually 
“ from zero to the wholo W moved (Iirough tho samo space s". 

The Stn/lrnt of Inlrsral Caleolas irlll see that the above proof U rtall/ equIvaJeat 
to llj- 

•■'Vcfk d.ne" Ijr lie lioaj rfT\’ taored through tie fpsec <fi Is (bv JeCailJon) 

«nv <ii 
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Wiole “Work done" by tie gradnally applied Load TV through space t is 


But since the Load ia supposed to be nniformlj-Taryuig with the space W = fr* 
where n* is a constant. 

/ * wi* W< 

tea df ss -jp = — as beiotc. 


477. Resilience or Spring is tho “Work" a5aor5erfbyor‘'Ener- 
gy ” ttond in a Piece of Material daring tbe act of prodneing a yiVcn 
Strain or Stress in it by a certain Load. On the removal of the Load, (if 
within the proof Load), this “ Work " or Energy will be e3q)cndcd, or 
“ restored,” i. visibly reprodaced in effecting the recovery of figure of 
the Piece in ,oonse(;[ucnce of the Elasticity of the material, so that tbo 
Work originally expended by tbo Load is really absorbed, or its Energy 
tioTtd itt the strained Material in the form of “ Potential Energy " ». c., 
Energy not prodneing visible motion, bat possessing the poicer of so doing 
under certain conditions, (in this case the removal of the Load, eee defini- 
tion of Potential Energy, Art. 473). ‘Rie use of this term U moro fully 
explained in Chapter XXIV. on Elasticity. 


JS'ete to Art. 471.~ 

Statical hloments are often measured in eompooad nnlts bearing the same 
namei (e. y. foot*poasds, inch^posods, dLc.) aa the Lysamical Work'Unita. The two 
onita arc of course quite diffcrcut in kind, and not therefore comparable. A homely 
lostancc of this kind ia that of ponsda Bterling, and pounds aroirdupoia, which differ 
from each other in kind. 



CHAPTER XXII. 

TENSION. 

478. Tensile Strain, i. e., Elongation or Extension, is produced bj 
external forces, i. tj a I^ad in tLe direction of tbe strain, whicb tends 
to stretch or tear apart particles of the material in raiitnal contact, and 
prodnets Tensile i?«sjstnncc and Stress between those particles. 

All three, viz., the Loadf the Strain^ and llie Stress are in the same 
direction, viz., perpendicular to the surfaces of particles of the material 
strained that are in mutual contact, so that their essential character is 
normal to those surfaces. 

479- Theory indicatl? that in homogeneous motenal under a Load of 
uniform intensity per unit of area, (in which case the Eesnltant of the 
Load coincides with the axis of figure of the material strained,) the 
Hesistance to Tensile Strain, i. e., the Tensile Stress produced is directly 
proportional to the area of cross-scclion (perpendicular to the strain or 
stress) of the material strained, and constant for any one area of the same 
material. Experiment and practical experience abundantly confirm this 
theoretical consideration, when the materials used are nearly homogeneous. 

480, It is very important to notice that the state of Tensile Strain is 
one of staile equilibrium, i, e , the tendency of the external applied forces 
or Load is to correct any trifling deviations, by whatever cause produced, 
after the removal of that disturbing cause: this is sufficiently evident 

^ 1 from the annexed figure. 

(,.yla AB >s a bar hanging verticony from B, stretched longi- 

JY tadmally by a weight W, If it be shghtly pushed 

1 1 out of Its vertical position temporarily by any cause, it 

ITtg. 2 , If c)csirlj tctiis to return to that positco/ioa the tcmoyal ot 

f f the disturbing cause. 

1 1 This is important^ because it follows that the 

A y< P tendency of the Load (or external applied forces) 

I is to preserve the position of the bar in that 

' '* originally assigned to it, which should be that 

most favorable to resistance. 
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481. The Algebraic expression of ttc law of resistance, jast stated, 
is as follows (sec Art. 4C1,) Let 

A = A’ct Area (in sqnaro inclics) of least cross section of material 
strctcbed (taken pcipemlicular to tbe stress), i. e., deducting 
all boles, (c. g., rivet and bolt boles) and flaws (c. ij., knots in 
timber). 

P = Breaking Weight (in ponnd<), i- c., Total Weight nniformly dis- 
IribulcA over the area A wUicb tciH juif 6reafc the piece of 
material (bj stretching). 

es Ultimate Strength, i. c., Ultimate Besistance to tearing (from 
the equilibrium). 

= Ultimate Tensile Stress (bp definition). 

r 2240 s= llic samo In tons. 

W = Working Load (in pounds), i. e , Total weight nnifonnlp distri- 
tributed over the *re.a A that the material can bear safelp- 

= Working' Strength, ». c., Working Besistance to stretching (from 

. the equilibrium). 

= Working or Safe Tensile Stress (by definition) 

W 2240 — the same in tons. 
ft s Modulus of tearing of the material (by definition). 

' 8= Weight in pounds that will just break (by stretching) a piece of 
the material of one square incii m section (by definition). 

£3 Ultlmalo resistance to stretching m pounds per square inch (from 
the eqnilibriiim). 

yB.—fi \%aeonit>inl for each material tohe determined bj experiments on 
direct etretcbing. and calcntatedbj' iDTemoD of formula (1), thus /, ssP-^A. A 
table of its tbIucs for common baitdio;; materials is given in Appendix U., and for 
Indian Woods in the List of Indian Timber Trees in Chapter V. Section L 

s = factor of safety applicable to the material, an empirical quantity 
fixed by experience (see Art. 457, and Table on next page). 

/. 8 s= safe intensity of tensile stress in pounds per square inc?i 

(by definition), 

St s= safe intensity of tensile stress in ions per syuare incA := 

IT.S . — These are two nsefol modifications of the co-eScient ft. 
ft-^s avenges lOOO for timber for dead loads 
tt averages 1} for cast-iron for dead loads. 

St „ 7 for vrronght-iron* for dead loads. 

* Tbis vslse b bigber than that csniU/ giveii: Itb given onmatborlty of UnwlB’i‘'Wroiigbt' 
Iron Bridges and Bo^i," 18SS, Art. 97. 
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Factors of Safety •for TensIleStraln, 

Proof. 

TVORKINQ. 


ll 

II 

SreaUng load P 

Worloiig Load ■" W 

Character of Load. 

& 

1 

I 

ft. 

||| 

35 ® 


S 

a 

Timber, 

Cast-iroQ, •• •• •• 

Wronjfht-iron, «• .. 

Steel (toagh), • • < . 

Cordage, •« i< •• 

Chain, stud, .. .. 

Chain, close link, •« •• 

\Vire«rope, 

‘3 

3 

2 

*S 

1 10 
47 

*4 

*3 

7 

*c 

4 

4? 

*0 

’g 

3 

4 

1.. 

■s 



Henco P s= sW, aad P •i- 2240 sss s (W^ 4. 2i40) by def. (1). 

And by tbo Itinfs of resistance just gircn, for *> 
head P or W of uniform intensity, ^ ^ 


Equations (1) and (2) contain nil that is necessary for finding either 
the Breaking Load (P), or Working Load{W) of a piece of given crosa- 
sectional area (A), or the coarerse, viz,, to find tbo hast net cms-scc- 
tional area (A) required to bear a Working Load (W) or Breaking 
Weight (P), in each case when the Load is uniformly distributed over 
tbo area (A). 

482, Equation (2) is approximately true when the Load iBnearlt/ uni- 
formly distributed over the area (A). In most cases in which Pcsistnneo 
to direct Tension has to bo considered m practice, the Load is approxxmatehj 
unifonnty distributed, and the formnia (2) is sufliciently nccurato for prac- 
tical purposes. This is important, as this formula is extremehj simple 
whcrcaB the nccurato formula for nnorca distribution of Load is complex. 
Moreover tho full powers of rcsistaoco of material to tension can onlt/ bo 
ntilizcd when tho material is bo arniDgcd that tho Stress is uniformly dis- 
tributed over the area A (in which case tho Resultant Stress of course 

• From EtOEe/«‘'Throiyor0ir*Ioj”CliBpt<T 33V. 











Their general properties arc as follorrs : — 

(1) . Fibrous materials are in general mneh stronger in resistance to 
tensile strain in the direction of the fibres than in any other direction, 
and also in general stronger than materials of the other classes. They 
generally yield considerably before fracture, thereby giving some sort of 
Tvaming long before the point of fracture, a valuable properly in materials 
for use in building and manufactures. 

In consequence of the greater strength being in the direction of the 
fibres, the most numerous experiments for determining fx are for that 
direction, and when not otherwise stated recorded values of^ must be 
understood to refer soUlg to that direction. 

For all these reasons jffij ous materials should always be used if possible 
to resist tensile strain, and with their fibres in the direction of the strain. 

i’xoni^les.— Woods, Wronght-iron, Rolled Mel.als, Wires, Ropes, 
Leather, 

(2) . CrysLallioe and (3) Quasi-IIomogeneoas Materials are in^eneral 
comparatively weak in resistance to tensile strain ; they are roughly speak- 
ing equally strong in all directions, yield little and irregtdarly under 
tonsile strain before fracture, and consequently give little warning before 
fracture. For these reasons they should if possible not be suljectcdto 
tensile strain. 

Examples of (2). Cast metals, some sorts of stones. 

Examples of (3). Mortars, some sorts of stones bricks. 

485. Materials,— The materials usually suhjectcvl to tensile strain 
arc— 

(1) . In Bnilding — Iron, Woo«l. 

(2) . In Manufactures— Coni, Rope, Leather, Metal*. 

Tlie following is an epitome of their principal properties in reference 
to tensile efrain, (Art«. IS(*> to ll.*2). 

486. C.tFT«jnoN,— Ca«!-iri’n is liaMc to air hole*, and fistrs, audio 

unequal contraction in rooling, »«•» that it ifprmoaent/y irregularly strain- 
ed, and is t(ri*\1e sfnTi'n. 

(1). Cohl*Ma*t iron is stnmgcr than hot'Vla<t, 

(21. R<'-mcUi»g, ami bI«o pndonged fuMon (e<pecially in soft-irons) 
tC’nt^chnt rirrr'Hf lln’ ftiongth. 

(3) . Annralittg dimltiMK* the »lr»*nRlh. 

(4) . Thick castings aie pn'p*ntionalely slrorgcr than thin ones. 
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l5). The interior of a casting is xreakcrthan the exterior. 

(6). Unequally tH'trilnileil &tnssgrtatly re<lm;t’S the omi7nJ/e strength 
e.g., Mr. Hinlgkiii'on states* that “the strengtli of a rectangular pieie of 
" cast-iron, drawii along tlie side is about or a little more, of its stienglh 
“ to rceist a central stiain.” 

487. AYkodoiit-Ihom is Tsell suited to resist tensile strain : its ten- 
acity (ri) is abont thrice that of cast-iron. 

• 8teel is of veiy variable quality: soft steel is well suited to resist tensile 
strain. 

(1) . Rolled iron is strongerthan forged: large forgings are stronger 
tban small forgings, bnr than plate, and common plate tlmn boiler (ihite. 

(2) . Plate iron is ahoiu oiie-tenth stronger lengthways than croNSways. 

(3) . Re-healing, hammering, and working miprove wronght-iion to a 
certain point; good plate iron is worked to about the maximum degree 
of e^iciency. 

(4) . Annealing reduces the strength (especially of wire). 

(A). Removing tlie outer skin does not (as was formerly supposed) 
deeieuse the siicngth. 

(6) Square rods are slightly stronger than ronnd. 

488. Klrkaldy's Conclusions.— Mi. Knkuhiy conducted a very 
exlen»ive Setiex of Expenmeuis on the ttiisiU ahength of mongiit mm 
and cteel, and dedticeil iiiMtij piaclmal «oncln»ion't nhuli are leiordcd m 
tin* wiiiks IcloM'l' quoted, am! «le>enc the laieinl Considemtion of ilie 
Stndiiit Tliese aie too tiunu-ruU' to be reprndu' ed in rxleitio in this 
Treatise, hut a few of the most prautliid may be here quoted. 

1. The breaking striiin docs not indicate (be qnabtv, as hitherto ns<nmed 

2. The contrnition of area at fraitore, iiroiuusly oicrluuked, forms an essential 
element In estniiaiin^ the qunlity of tpruincns (of both Iron uiid bteel) 

8 Iron is injured by being broBj;ht to a "bitcor wdUiiig heat, if DOtat the lame 
time hammered or m1lcd 

4 Iron is less liable 1 1 snap the more it is worked and rolled 

6 Iron highly heated and suddenly cooled Id water is liardeDeJ, and the breaking 
atmin, when gradually applied, invieascd, but at the same time u is rendered more 
liable to snap. 

C. Iron, like steel, is softened, sdcI the breaUng strain reduced, by being heated 
and allowed to cool slowly. 

7. Steel is reduced m strength by being hardened in water, while the strength is 
easily Increased by being hardened in oiL The higher steel is heated (wiihont, of 
* Ezpertmesul RfMartties, r«t« .It, 

1 CxierimeaU on WrxwfUt-Iroa and Sled, D. Klrksldf. IsSS, and Etonrr't Tbevry ot Etralai, 
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mo«t fnT 0 ra 1 )le to resi'itance to great stress, (riz , nearlj' along the line of 
stress,) lull increases the p7acticalfif atailabWVt^mkiTis htrength, as the 
closing of the sides of tlie links renders tlie chain rigid and tlieiefore use- 
less. Fracture iisuallj occuis at the staj pin. 

(2) . Close-link, nr Crune Chain, is that ordinnril; used in machinery: 
it is, thmmh liable to kinUiitg, more flexihte than stud chain, Fraiture 
generally occurS after the sides of the links luve closed, (sc that the chain 
becomes rigid and useless), at the crown of a link. 

(3) . Open-Long-linl-, or Buoy CAoin, is Uutcliiefly u«ed for mooring 
purposes where great flexibility is nnneccs«aiy. Each link has parnllel 
sides I this chain i« lightei than stnd chain by the onii&sion of the slay pins. 

Chains of each sort are made in 15-fnthom lengths : Stud-chain, and 
Close-link Chain have one open-long-link at e.ach end, so as to admit of 
the 15-falhom lengths being joined by a shackle. In open-long link 
Ciiain, if ore link break, Vnk alone can be replaced with tlie aid of 
shackles; whereas if Stud-chain or Short-link Chain break, o whole 15- 
faXhm femjth TO\>st b« removed, as there is not room to pass a shackle 
through their links. 

The Proof and Working Stress- Intensities (in tons per tqvare inrh of 
loth sides of the links) are given below,* wuh other data : it is believed 
that the Government Proof is insnffirient. as much chain is bidieved to be 
passed which is not much stronger than the Proof applied. The Trinity 
test is more severe, and requires extremrly good iron It is considered 
that the Woiking Stress should not exceed one-half the Proof Stress 
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CHAPTER XXIII. 
COMPRESSION. 


499. Compressive or Crashing Strain, i e., CovTsACTroN, is 
pro(Jnccd liy external forces, viz., by a Load in the divection of the Strain 
^li5c-}i tends to compress or cnisb together pm tides of the material in 
nmtnal contact, and prodnces Compresetve or Crushing Resistance and 
Stress between those particles. 

All three, viz , the Load, the Strain, and the Stress are in the same di- 
rection, viz., perpendicular to the eur/aces of particles of the material 
strained tliat are in mutual contact, so that their essential character is 
noimal to those surfaces. 

800. Theory indicates that, in homogeneous materia}, sinder a Load 
of uniform inteiisUg per unit of area, (in winch c.ise the Resultant of the 
Load cutneides with the axis of figure of the materia) strained,} the laws 
of resistance to “ direct compression" would be exactly the emne ns those 
of resistance to direct tension, q v, and expressilde I>y the s.iiiie simple 
algeliMical formula, viz , P =? ^ . A, (Ait. 481, Equation (2)). 


601. It is, honever, very iiiipoit-mt to notice tlnat the state of C/m-’ 
presstee Stiain is one of unstable equihbrtum, i. e , the tendency of the 


Fig. 4. 


w 


external applied forces (or Load) is to incieasc any 
tiidiiig deviations produced by any cause uhaterer 
after the removal of that distuildng c.-iuse: this is 
sufficiently evident from the annexed figure. 


fAD is a vertical pillar fixed at the foot more or less per* 
fectlj-, and strained longitudinally bv the weight W. If it be 
slightly poshed out of its vertical position even temporarily by 
any cause, tbelxud tends to make it deviate yet further; partly 
by incrcaviug the loclinatioa of the pillar as a whole to the ver- 
tical if not originally immovably fixed at B, and partly by 
. 81 bending of the pillar tbroughoat its length, even after the cea- 

/ .//,////,/ /// /TT/ gatJon of the distoibing cause. ] 


I/I prjciicii it h iaipossiblo to secure the exact co-tacidcnco of the Re- 
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pi?/f7nf cfthe T/)Cid witli the aiit of figure of the strained material, indicated 
n« dc*iralile ; it is nerertheWs tcry rfe^froWe to ndjii<!t the material, especi- 
ally in the neighhotirhood of l//cyoi'iif» or points of application of the exter- 
nal forces, so ns to seenre the approximate co-inciilence of those two lines, 
as otherwise the full powers of resUtanee of the whole material cannot bo 
utilized 5 ns will he explained below (Art- 507 (t)). But even when this is 
secured, it follow!, in eou'cqnencc ot the state of strain being one of unsta- 
ble equilibrium, that any temporary dcsiation has a tendency to increase, 
thus caH«ing addilinnal strain due to flexure of the material, (i. e., of a 
diiTcrent character, viz., Transverse Strain,) which will moreover incrcoifl 
icxth the length of the material. 

502. It follows that roMslance to pressure is a eomplti'afed phenome- 
non compared to resistance to stretching, and that its laws probably can- 
not be expressed by any very timple formula. 

Experiment and practical experience abundantly conCrra this. 

503. The results of experiment may he thus sammarized. 

Uer. A piece of material under compressive strain will be called 
for brevity a Pillar.” 

It appears (from experiment) that “ Pdlars” may for the present pur- 
pose be classified ns follows, according to their manner Of failure under 
compression, or according to the values of the ratio I — d (for explana- 
tion of symbols, see Notation, Art 504), which seems to determine their 
mode of failure. 

I. “ Very short" Pillars, (/ -f« d < 1^)- these give way irregularly. 

II. “ Short” Pillars, (f rf > hut < from 5 to 10) : thesealone 
give way apparently acln.ally by " direct crushing ” of the material. 

III. ” Long” Pillars, {I d > from 5 to 10 but < than in Class 

IV.) : these give way partly by “direct crushing” as Class II., partly 
by bending as Class IT. 

IV. “ Very long” Pillars, (I -- d > from 15 to 30 when the ends 
are free, and > 30 to GO when the ends are fixed): these give way 
by bending. 

IS D.— The term “ direct cm^bing” is applied only to Dass IL ; the term “ crash- 
ia- by flexure " is applied only to Classes IIL and IV. 

Pillars will be distingnisbeil for brevity in this Treati'e simply as “ Very Short ” 
“ Short,” “ Long,” “ Very Long 

The fonnulm applicable to each case arc digerent, and must be separately 
disenssed.- 

TOL. t. — TBlnO EDITIOX. g p 
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504. Notation. — The following notation will be tised uniformly’, 
(compare Art. 4G1). 

I = length of pillar (in inches) 1 both measured parallel to the stress, 

L =. „ (in feet) J L = Z 12. 

A = ffross area (in square inches) of the least cross section of the pillar 
taken perpendicular to the stress, i. e., _Lr to Z or L. 

[A’.B. — By “ gross urea ” is meant area of solid material only, without dednetion 
for any holes, snch as hey, rixet, or bolt-holes, proTifled these holes have teen com- 
plctcly and solidly filled up by solid heys, rivets, or bolts of the same quality of ma- 
terial as the material of the pillar. 

This condition is usually satisfied in practice, so that dednetion for snch holes is 
seldom necessary in calculation). 

d ~ least external depth or width (in inches) of that cross section, tjz., of A. 

— In a complex cross section, such ns is common in iron-work, d is to bo 
taken as the least nidlh of the least simple figure, (t iz , triangle, square, or rectangle) 
that can be drawn round that cross section. This is Hankine’s* rule, see Art. 1520], 
t s= thickness in inthee of n holloto pillar. 

P = JSrealinj Wci;^ht (in pounds), i. e., Total TVeiffhi, distributed as 
afterwards described, that will just hreal: the pillar by crushing. 
s= Vltimate Strength, i. e., Ultimate Besistance to crnsliing (from the 
cquilibrinm). 

= Ultimate Stress (by definition), 

P 2240 = the same in tons. 

■W s= WorUng Load (in pounds), u e.. Total weight, distributed similarly 
to P, that the Pillar can bear safelg, 

= Working Strength, i. e., Working Resistance to crushing (from the 
equilibrium). 

= Working or Safe Stress (by definition). 

"W" -T- 2240 s= the same in tons. 
f = Modulus of crushing of the material. 

=r "Weight (in pounds) that will just break by “ direct crushing," (see 
Class II.,) a “ short pillar ” of the same material of one square 
inch in section (by definition). 

= Ultimate Resistance to “ direct crushing " in pounds per square 
inch (from the equilibrium). 

y.H. — fe is a constant for each material to be determined by experiment, 

A table of its xalucs for common bnilding materials is given in Appendix II., and 
for Timber in Cbap. V., Section I. 

* “ Jliknual of Civil Snetneerlop,” W. J. SI. RaiUtlne, Art. 
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]!• aVdo ti frna tJ.** f^a»Hn {?) l-ttr* f.^r "FIi'Tt I’ilUrt," (Ij 

c= I’^A. 

t = f»rtor cf nfftT Irt tlif tnatrnal, «n rmf Ini'al finanlity 

f.xcl ! j rtp'-rirnfc, (»/# At!. -17*7 ■n*l T*M<* Ix'low.) 

/, — * = I'lfe int'-n«Ity of cni»liing itrt*** In ponnds p<*r n^naro 
Incli (\'j «1ff.nili^n). 

r, = Inlrn'ity cf crnOiirp In lor.« f^r »']n»re incli == *7^"^ *• 
.V./7 — TJ w »rr I wo ^rrr «wfc1 mo}if!/’w|inr.« »if |?i^ f»v<!’'.fSrnty‘« {(.^< Art. &73) 
/{•— t »rrn^% l«»rt f.>r tifi>!<r f<» «!fa \ lo* J«. 

If M in fi<r r«>i-(r<"n m 

I, n ♦ I r>f Iron* ^ 






r*rtcn ctFtl'^T' CjTillfj f'ftla. 





iWk (la f •fi'3 Uii'm). 

Cat-*tfw, e Arrh Vco^vnn «« 1 IMUr«, 
llrifiwwk, Concnt^ 

Tim’-rf (<Ji7) * 

... .. ... ... .T 

Wrooslit-iroa, 3 


605. Tlie formula* *tonl to tc pircn all giro tlic lircaking ^Vcigl^tof 
(he Pillars in question. liy combining them with the equation rrliich 
connects the Creaking Weight »n<l Working I.oaJ, riz., 

P = #W (l<y definition), aI«o P ‘Jl’ltt = i (W -i- 2210), ... (1), 
the Working Ixiad W can l< fonnJ when A is ritcij, or conrorscljr A tho 
area of pilUr reqaireJ to carry eaftly a giren Working Load W can be 
found. 

.:Vs their conrcnlent application reqoirea come care, examples will be 
glren at the end (Art. i;32, eX #'7.). 

506. Class 1.—*' Very Short Pillars," (f -f* ^ < 1|); these gire way 

• Til* Tills li tieVTllAatrunj r'Trw: t: if 7«tot ta'ii oa ■-ri/w'.ir c.{ Cawla'i “STrezit- 
Ir-a ErtlfW »a.l l*C>, Ait. rs. 

rrrs Stot^^tTitorf ct Senis^ Cia> XHl.. asSCuUsarf CItC 


t-rr%i'<-r wi _ r 


nil 


... I 
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irregularly, and oCfer enormous resistance to crushing, the law of which 
has not yet leen formulated. The probable jcason for the enormous 
amount of resistance of such pillais is* that the external portions con- 
fine the inner portions, and so prerent the interior at any rate from giving 
tray in the same manner as in Class II. 


^ Sec Notation, Art 504. 


— No formula IciDg extant for the strength of “Ycry Short Pillars” the 
strength may be approximated to a cry roughly assomc^\llat greater than that calcula- 
ted from the formula (2) for Class It, (q. p )] 

607, Class IL — “Short Pillars ” which give way apparently by • 
“ direct crushing ” of the material, (2 -r- > li, but < 5 for cast-iron, 

and < 10 for wrought-iron, steel, and Umber). 

Two eases shotiW be distingnislifd— 

(a). Load uniformly distributed over the area A."] 

(i). Load unequally „ „ J 

Case (n). Load tinifonnly distributed over the area A. Theory indi- 
cates that, in homogeneous material under an external load of uniform 
intensity per unit of area of any cross section, {in whicli case of course the 
Pesultant of the Load co-incidcsuith the axis of the pillar), tlie 2’oial Iteaxs~ 
tance to crushing at that section, i. e., Total Ci-ushinj Stress at that ecclion, 
should bo (1) directly proportional to the area of that jsection, and (2) 
constant fur any one section of the same material. 

Experiment and pruclic.d experience conQrm this theoretical conclusion^ 
when the rillnrs arc so shot t that their full powers of resistance to “ direct 
cnisiiing ” can be utilized, viz., when not long enough to be liable to bend, 
i. in the ease of “ Short Pillars” only. 

As it is impossible in other eases to utilize the full powers of resistance 
to direct crushing of tiio svLolo of the material, the term “ direct ciushing” 
is now flpjilied to this case only. 

Tho Algebraic expression of the law of resistance just set forth is 

P =/*, A, {see Nolalion, Art. 501) (2). 

Case (i). Load vurqualty distributed over the area A. If the Load be 
vnequally dish ilxilcd over tho area A of Ic.ast cioss section (perpendicular 
to the Stress), the Pcsultnnt of the Load deviates from the axis of Iho 
pillar, and the centxe oj yressvte on the area A de\iates from its ctnUe of 
fgxtre, and the Stress over tlio area is ofvaryinq intensity. Now ns tho 
Blrciiglh of m.atcrinls depends on the gieatcst (not on the mean) intensity 


•• Tttorj of f [fRlrf la Clrden,” It D. Ctonoj-, Art. J7J, In J Cd. 
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of stress, it follows that the Strcngth>of a Pillar is reduced hy nncqTial 
distribution of the Load in the ratio of the mean iuteiisity to the greatest 
intensity of stress. This ratio may be found with sufficient accuracy by 
considering the Stress as uniformly vaiying (i.e., of intensity at any point 
in the cross-section A proportional to.thc distance of that point from 
the “ neutral ” axis of the cross-section). 

Tims let X greatest deviation in tncAes of the centre of pressure o * 
JPig. 5i from the centre of figure G of any cross-section A, 

V 1 e., the greatest deviation of the Resultant of the 
Load from the axis of figure of the pillar. 

= oG in the figure. 

T, =5 distance m inches at the point of greatest stress, viz., 
c, from the axis of the pillar • the point e is found 
as the point in which Go cats the boundary of the 
cross-section: thu8a‘i = Ge. 

I = “ Jloracnt of inertia” of the cross-section A relative to iVj 
neutral axis ah which is “ conjugate ” to the lino oG. 
[The method of findins the position of this ncntrol oms ingentral, 
and of finding the aaIuc of 1 rclatiic to it is beyond the scope of this 
Treatise. It is fully explained in UanXinc’s ilanual of Applied ile- 
clianies, Arts 285 and 95 ) 

Then it may bo shown* that the ratio in which the pillar is weakened 
by unequal distribution of tho Load is 

M ean intenuty of stress i ^ f'l j. rox 

Maximum intensity of stress “ ' V *' I y ' ■'* 

The Breaking and Working Loads P and W are of course both reduced 
in the same proportion, i, e., (see lactation, Art. 504.) 

r=/..A-(i + x..^!ji^) (1). 

In order that this formula may to available witliont the difficulty of 
finding the value of I, and without further reference, the values of the 
X A 

quantity — for some symmetrical forms of cross section of common 
occurrence are here given. 

In each case the deviation (t») is 8appo«cd to lake place along an axis of 
symmetry of the cross-section, from which it follows that the neutral axis 
* 5« nu^iiie't Uasosl cf ArrUed ai«chiBlc», IrU 
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is, in each case, that axis of Bjmmatiy which is at right angles to the de- 
Tiation Go : e. g., in rectangles the nentral axis joins the fniddle points of 
two parallel sides, in an ellipse it is one axis, &c. 

For cases not included in the Tabic, reference must of course be made to 
some larger work, («. g., Rankine^s,) to determine the value of I. 


Cross EFctlon. 

lUmenstons. 

Position of nentral axis 
jj- to deviation j-g 
pass^ ttiroughO 

Talufl of ^ 

Rectangle, 

Square, 

Sides b, d. 

Sides d, 

Parallel to h, 

Parallel to d, 

6 

d ' 

Rllipse, 1 

Circle, t 

Axes d, b, i 

Diameter d, 

Tlie axis 1, 

A diameter, 

8 

d' 

Hollow rectangle, 

External sides h, d. 
Internal sides b', d'. 

Parallel to I>, 

.. (Id- yd-) 

Hollow square, 

External sides d, 
Internal sides if, 

parallel to d, 

Cd 

Circular ring, 

External diameter d. 
Internal diameter d'. 

A diameter. 

8d 

d‘ + rf'* ’ 


It will be evident from comparing this table with tlie formula (4), that 
the reduction of Strength in consequence of unequal distribution of Load 
mag be very con^ide^ahU, and the importance of adjusting the Load, so as 
to be nearly uniformly distributed oy^r the cross-section of Pillar (in which 
case the Resultant of the Load and axis of the Pillar will nearly co-iflcide) 
will now be evident {$et also Ex. 2, Art. 533). 

It may not always be possible to effect this, but it is very advisable in 
large ilasonry Structures to limit the deviation (xo)of the centre of pressure 
from the axis of tlie Pillar so that there shall be no tension in any part of 
the cross section (sec Art. 492). This condition is attained when the 
least intensity of pressure is positive or zero, in which case the greatest 
intensity of stress will be not more than tioice the mean intensity, so that 
P not > /c , A -T- 2, from which it follows (from equation 4), that Xo is 
not > I .i- X, A, the reciprocal of which is tabulated above. 
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508. Application of formulse (2) and (4). Formal® (2) or (4), 
each coruhinccl with equation (1), give the Breaking Weight (P) and 
Working Load (W) of o ‘‘Short Pillar” of least cross-scctional area 
A, or conreisely the least cross-sectional area A of a “Short Pillar” 
which will just break under a Load P, and carry safely a Working 
Load W. 

[.Yi7. — In the latter (which is the most nsefnl application), care must bo 
taken to ascertain ajter fndtnff A ihtd the Pillar in qncstion really is a “Short 
Pillar,” 1 . 1 , that l-i-d falls within the presenbed limit*, as the formnla: are othenviso 
quite 

Formula (2) is strictly applicable only when the Load P or W is uni- 
formly disirihvttd orcr the least pross-seclion A taken perpendicular to 
the Stress (in which case of course the BesnUant of the Load and axis of 
the Pillar co-incidc at that section). In practice, howerer, if the Load is 
nearly uniformly distributed, the approximate co-incidencc (already pointed 
out ns so desirable) of these two lines is secured, and lie formula (2) is 
sttJicUnlly accurate for practical purposes. 

[A’.i?.— This is important, as this formnla (2) is extremely mniple, whereas the 
accurate formula (4) for a load unequally di«(nbatcd is complex] 

609. .Mode of Failure of*‘Short Pillars.”— Different kinds of 
material gire way by direct orvshiny in different wa)s according to their 
molecular strueturc, thus— 

(a). Crushing ly splitting. Fig. C (a), into a number of prismatic tits, 
separated by (olerably 
regular surfaces, whoso 
general directions aro 
roughly parallel to the 
Slre««, c}iaractcri<es hard 
homogeneous sobstanecs 
of a plas^y texture,?, g., 
TitnCeJ bricks. 

(J). Crushing ly shearing or sliding of portions of the Hocks along 
clUqut surfaces of separation, cbaraclcnses substances of a granular tex- 
ture, e. g., cast luctals, stone, bncL. 

Sometimes the fliJIng takes place at a (ingle i line surface, Fij. C {1 ) ; 
sometimes two rude cones are formed, which in U.i,ir approath drive cut- 


Fig. C, 
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wards a nund'or of wedge-shaped portions Fig. C (i'). Tito snrfaccs of 
fliearing inaho an angle with the direction of the Stress wliich \nrics with 
the iiiat( rial, (c. g., from to -12* for cast-iron), show ing that the rcsi'^t- 
nnee to shearing is not a pnrely coliesire force, Intt cotjsists partly of 
a force sinrilar to friction, (nhich increases nith the intensity of normal 
pressure) ; for a purely cohesive force would depend solely oti the intensity 
of shearing slro«s which is hnown to he greatest* in planes inclined -ir)® 
to the direct emailing slro's. 

(e). Cntfliiiig Ig bulging or lateral spreading characterises tongh and 
(inctilo materials, e. g., wronght-iron and rolled metals. Tho Imlglng of 
stich materials is so gnadwal, that it is difTicult to measure resistance to 
this form of crushing. 

(«?J. Cnultiug Ig lucUing or crippling characterises fibrons materials 
nmlcr direct crudiing slrc's along the fibrta; it consi-ts In lateral bonding 
and wrinkling, and sometimes spUiiing of tho fibres. 

/'roHj/df.— Tiinbcr, wronght-iron plates, wronght-iron har*. 

G<»rral Jlmnrlf, on tho various inodes of falling hy enisling, 

(ri) and (t), Materials which are crushed lUrecllg , (o) hy tpUtting, and {b) 
ly tl'rxring, resist crushing far better tlian Rtrclching, (wc the tables of 
nltimato rosistnnee to each,) c.g., in cast-iron the llesi»t.ince to direct 
cnJ*hin!r,si2.,/<=0 x yi the nc'istanco to stretching. Materialsoftlicso 
two classes aro therefore best fitted to anslaln " direct cnisliing” stress ; 
it follows that Cast-Iron is the best of all common Ihiihhng Materials for 
use as n f^hort I’lllar.” 

(r). Jlaterlals ssbich fail under “direct ernshirg” by lulgivg resist 
Btrclrhing b-’H'T tiian ernshing, i. c 

Jim' ij'lf — In wrmulit-iron /I = 3 ./* to J yi. 

(fl). I*i!>rons inatrrials ssliich fail Unler “rh'irrr cn/fling" by It/cl/ing 
rr‘!«l ftn tilling much 1‘etter than cnishing, f. e., /, > e*pccinlly 
whrn the lateral n»I!i(«Ion of thefibrss is weal: cumparctl witli Ihiir 
t<-naclly. 

ip/,-.— Irj ino*t ilrg tlnd-<*r y» = J of to J of 

510. Class III. “Long Pillars” which fail partly hy " diVr--/ enij^- 
I' ^ I artly t j “ and 

(’li-t IV. “ Very L'tr^ IMIsm” which fail !y rlinj'le I'r^ling. 

Ihfr.- rli'Tfs ff f-niiul-r Lnnwn as Hr>l."kin«on’s, IlondclclV, an! 

• j;r» J's. 
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GorJon’s arc in comtaon osc for expressing the strength of snch 
pillars. 

Thejr are all jnodlfic.ations of the simple formula (2), fapplicahlc only to 
direct crushing,) viz., P = /« A, by a factor depending on the ratio I d, 
expressing the physical law that the Strength decreases (in consequence of 
the increased liability to flexure) as rAe ratio 1 -f- d increases. 

They arc as follows (For general Notation/ see Art.504 j special sym- 
bols arc explained below) in general form. 

SodghinsorCSf P -f- 2240 = C . , (see Art. 51C). 

BondeUt's^ P =: i . A, (see Art. 519). 

Ccrdm'i, P = /..A.j-{l + c. (j)’} ,(Ke Art. 520.). 

"With these should he combined in each case equation (1), P =; aW 
which connects tho Breaking and TTorking Loads. 

and arc in all these formolae anpposed vni/orm?y iitirihuUi over tho 
least cross-scctional area A, takco perpendieolar to tho stress. 

It the distribatlon of load is nearly Htti/hrm, ihefonnots are sufieienllyeeevrete 
/or praetleal purposes. If not nearly nniform, P most be redneed id the ratio indU 
cated in equatioa (4) Tins of coarse considcrabb complicates calcolattons, eapeeu 
ally whea the qnaotity to be foond ta AJ. 

51L Tho following remarkahio results of the experiments of Mr. 
Eaton Ilodgkinson, (experimentally Tcrificd for Cast-iron, Wrought-iron, 
Steel, and Timber,) require particular attention before considering tho 
formula: in detail ; viz., that 

“ The manner of fixing the ends of a Pillar malerially affects its power 
of Resistance to crushing, if so long as to be liable to bend". 

The ordinary modes of fixing the ends of a Pillar arc three, viz., 

(1) . Free at both ends. 

(2) . Free at one end, and firmly fixed at one end. 

(3) . Firmly fixed at both ends. 

A’D. — A Pillar is considered /rrd or /ree at Its extremity accordms m the* axis 
of the Pillar i«, or Is not, immorally/Ted m direction mt that end. 

(1). A Pillar roanded at one end la/ree at that cod. 

(2) . A Bar piTotcJ with one roond bolt cr pivot, (e.y.,U:ecoc3pmui»-ban 

of a Warren Girder) n/ree at that eni 

(3) . A Pillar w ith a fiat end firmly bedded is /xed at that end. 

(4) . A Bar firmly rircted with tceeral nvels driven »o os to fully fill tLe 

rivet holes is/Ued at that end (c y., the compresaai^an of a lot- 
tiee Girder). 

VOL. I.— Tninn rnirios. y q 
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TliP rfltlivc UlUtnale Ptr^n^thi of the tT-ie Pillar f.iul r.i 

(1), (2), (*'i) r'fl. Iiaro « nwfiri/ iliff-Tviit lionfTrr 

in Clvfi III. ftr.J IV., q. r.:— Tlic«e Ultimate Strengths inaj to iKnotcJ 
1/ P,, P,. P,. Tlic re*.t:U^ are exprcs<c4 in ffinalion^ (5j, (('), (8). (0). 

( 512 .) CUm III. '• Long Pillam” whielj fail jiartly l 7 “iliri'ct 
cn:*ling,^ “ 1'cn'I‘nK*’* 


ru-?'.*:. 

»- :* fw. 

1 r.'.htrii 

Ti=.’.Ta-.t Ca'Mr.-n 1 

1 /4-J> C < 15 

t-i. i <co 

Irr^- ...j 

i~rf> 

in<fo 


Tl.'* re^nll of Mr. n>^ l:;l.in«on*a c tperinirnl^ on tlie rrlatlTO Ultimate 
F{Trr;:llii of Long Pillart’* «li?r< rontlr fixrd are ai fi-llowi 

I’lilmat'* Strfngtii (»>*!•• on ! tit^ I, on*' rn*! frx't) m aj'iiroxlmat*'!/ tlic 
trlll.m-ilc tnran tf tli*' IMtlmatc Flrcngtlj (l-olh enJ« fne), ami Uhimalo 
Firrngil. (l<t!i rr. h fiir-I). 

Uhlmatc Ftforglh (1 oth cn*)i free) a J In 5 of Ultimate Sin nglh 
P**'.!! ft'.t the ratio incrra'ing from ^ to 5 ratio 
crrai'**, 


I. P, 5= ^ (P, •{• P,) •! * 

l', = ii-.io5i>, (C). 


l.*o fis't f-rT:.".!! 1 ai 1 piTfn f rlMa hrl ratio. Tl r ft*oTo tfulli 
a?f *j ; ! '»M* < f r "r*- I • all ll.rr^ | rir ■ ij al f 'rmtil.'** tf .\rt. MO, 

lloJ^Unron’s rormuU for “Long Pill.nra ” niili Uth re!! 
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B13. Application of formnla (7) and (7A) — This fonnala has 
the great disadvantage of being Btrictly applicable only to tht case of 
a Pillar fixed at both ends, in consequence of the relation between the 
TJUimate Strengths of the same Pillars differentlj fixed not havbg been 
formulated. 

It has the further disadvantage of involving both Ph and P*, thus 
necessitating two calculations, (viz., Pk and P*), when P is the quantity 
sought, and rendering the inverse problem of finding A or tf (which is 
the usuaf one) nearly impossible (except by troublesome approximations) 
owing to the complexity of the equation in d which would involve d^'’* or 
(P “ and also tP or d* 

Its utility is further limited by the limitations to the formula for Pk 
(5. V.) see Class IV, 

514. Class IV. “Very Long Pillars” trAicA /off 5y “ tendmy.” 


Uatertila, | 

1 Both nds £m. 

Beth tads aztd. 

Timber and Coatdroa, 

> 15 

; ^ if > 50 

Wreaghbiron and Steel, 


f-5-if>C0 


The result of Mr. Ilodgbinson’s experiments on the relative Ultimato 
Strengths of ” Very Long Pillars ” differently fixed arc as follows 

Ultimato Strength (free at both ends): Ultimate Strength (free at one 
end, fixed at one end) ; Ultimate Strength (fixed at both ends) =1:2:3 
approximately, for the same Pillar. 

Also Ultimate Strength (free at both ends, length /) = Ultimate 
Strength (fixed at both ends, length 21) approximately, 

I. P, : P, : P, = 1 : 2 ; 3 • (for the tame Pillar), (8). 

P, (length = 1) = P, (length = 21) (0). 

These results arc of course applicable to all three principal formula of 
Art. 510. 

(.V.i7.— ilr. ITodfiVinson and S£r. Gordon bare each pren »er«rale formal* for 
determining P, and P,, the Ultimate Strength of thef Ular *:lh the en 1< both free cr 
both fi^ed, bnt the abore simple rclatlont remlce U nnnefe«.«Anf n commit more than 
one of each (prcftrally that for both eada fixed, tu., P,) to memory, which, as these 
fonnahe (to be preo ircscntlj) an not Toy aisple, ii cl Impcrtaaee], 
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The diagram Fig. (7) is considered to afford some explanation of tbo 
relative Ultimate Strengths of the $ame Pillar differently fixed being as 
in equations (5), (6), (8) and (9). 

The curve assumed by the axis of each PDlar is drawn to its left, high- 


Fig. 7. 


ly exaggerated : the Pillars 
are found to hreah at their 
points of greatest deSection 
o in the figure ; thus a Pillar 
hreais in one, two or three 
places according as its ends 
are fixed as in (1), (2), or 
(3). _ 

This affords some expla- 
nation of equations (5), (6), 
and (8). 

Further the effective 
lengths of the Pillars as far 
ns Besistance to bending is 
concerned are AB, Ae, ee 
in Pillars (1), (2), (S), re- 
spectively: thus it appears 
that fixing either or both 
ends of a Pillar diminishes 


its effective length, i. e. decreases the ratio I d, and therefore increases 
its Strength. 

Also, ,in Pillar (3) the effective length ee is found to he ^ AB (by ex- 
periment). This affords some explanation of equation (9). 

515. The following results of 'experiment on “Very Long "Pillars 
may bo added. 

(1) . Discs added to the flat ends of Pillars (so as to increase their bear- 
ing) increase the Strength very slightly. 

(2) . Enlarging the cross-sectional area of Pillars near the middle 
adds about ^th to the Ultimate Strength in solid pillars free at both 
ends (but does not affect pillars that are either hollow or fixed at both ends ) . 

(3) . Square Pillars yield in the direction of their diagonals. 

(4) . Pillars irregularly fixed at the ends arc only as strong as Pillars 
free at the ends. 
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(5). The Ultimate Strength of gtmilar Pillars is as their liast cross- 
sectional area. 

(G). The relatire Strengths of Pillars of different materials are approxi- 
mately as follows 

Cast steel (not hardened), 25; Wronght-iron, 17; Cast-iron, 10; 
Uantzic Oak, 1 ; Red Deal, 

N. i?.— This shows that Wronght-iron fa bjr far the most suitable common Building 
hlotcrial for ose in the form of a “ Very Long '* Pillar. 

It has been already remarked that Cast-iron is the most snitable for 
use in the form of a “ Short Pillar. ” Cast-iron being a ciystallino material, 
is ill suited to resist deflexion, and therefore ill suited for use as a “ Very 
Long Pillar” (sec Art. 525j. 

(7). A square is the strongest form of rectangnlar cross-sections of 
equal area; this is also evident from the fact that the Strength tnereases 
as the ratio I -r d decreases : among snch rectangles, d (being the least 
width) is greatest for a square. 

' 616. Hodgkinaon’a formal© for "Very Long Pillars "—(For 
lactation, see Art. S04). 


Baterial c(, asd form 
or, PiUtf. 

Soth coda free. j 

noth eodr fixed. 1 

rorttala. 

Catt~!rcn Schtl Ftllart. 
— Uniform Circolar Sec- 
tion. 



(10). 

Cbif-iroa Holton PilA 
far#— Uniform Circn- 
lar Section. — in-' 

temal diameter). ! 


r .... 


2210 la*’’ 

2210 

(11). 

IFrovg^t-iron Solid FiU 
fdM— Unifonn Cir. 
, cnlar Section. 

2240 le* 

_E_= 133 75. ^ 

2210 li* 

(12). 

Tirnier Solid Pillars — 
Uniform Bcctangular 
Section. 


2240 V L y/ 

C depends on the material- 

(13J. 


C = 10 05 for Dantzic Oak, 7 8 fw Bed Deal, fi-O for Prench Oak, (all drj). 


As these formolm are anptrieal, spcdal attention should be paid to the 
Itmili ol their appliwbility as regards the value of the ratio I -■ d, tie 
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/orm of cross-section, and manner of fixing. The values of the constant 
C {see Art. 510) in all these formulie, as given by Mr. Hoclgkinson, give 
the Breaking Weight in tons : to preserve uniformity of notation in this 
Treatise, P which is i« pounds is therefore divided by 2240 {see Notation, 
Art. 504). 

The formulai arc given in the form given by Mr. Hodgkinson; he, 
however, records his opinion* that the quantities rP and cT ” may both 
be replaced by fP"* with sufficient accttracij; this is important, as n table 
of 3'Gth powers can thus be used for all the formul® for iron. Tables 
of 3*Gth and l‘7th powers are given in Appendix II. 

Mr. Hodgkinson has also recorded hts opinion that in incompressihle 
material thequantities cP” and <P” would both be d‘, and would be 
L^ so that the tnodification of the exponents of d and L appears to de- 
pend on the compressibility of the material. 

517. Tlieso formulaj contain no symbolic factor to suit different forms 
of cross-section, and arc therefore only directlg applicable to the parti- 
cular cross-scetton for which the constant 0 was determined by experi- 
ment, viz., 

For cast and wrought-iron, Uniform circular cross-section. 

For timber, Uniform rectangular „ 

The following simple relations established by experiment between tho 
Ultimato Strengths of “Very Long Pillars” of Cast-iron, enable these 
formulas (10) to (13) to be applied to two other forms of cross-section, viz., 
The Ultimate Strength of “Very Long” solid Cast-iron Pillars of the 
same gualitg, of the same length and cf uniform cross-section arc for tho 
following figures of cross-section. 

(a), if of equal cross-sectional area. Circle : Square ; Equilateral 


triangle s=: 10 : 9 3 : 11, (14). 

(5), if o/ equal breadth — Circle : Square =: 1 : I'G (15). 


618. Application of formulm (10) to (13). — These formulas have 
the disadvantage of all empirical fonnulcc, t. e., of limited application, 
viz., only to a few forms of cross-section (stated in each case). 

Tliose for iron have tho disadvantage of rcqniring cither the direct cal- 
cnlalion of the awkward quantities cP'^* or tP” and or of tho use of a 
tabic of such powers; this renders tho solution of tho inverse problem 
(the usual one) of finding d and cP nearly impossible (except by a troublc- 

* '* nxperUoe&tkl ra U:« EtxcarUa ot Cut*lron.' 1817, Aril. 39 tniC. 
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some npproximalioti) in the ease of n hollois Pillar, (tvliicli on acconnl of 
its groat porver o( resistance to ” cnisliing by flexnre ” is a most useful 
form), unless the thickness of the metal be very small compared Trilh the 
diaincter d. 


The solntion in this case is as follows — 

Gi'cn P and L to determine d anil t (IhicLness of metal in inches) in the ease of a 
' Very Long Pillar ” at hoik ends. 

• By the fonnnla -L = 4P34 

sato I,' > 


But — d -^ « = — (d - 2t)*’** 

= «P«-«P»»^l~3 53x nearly, 


= 71 X / 


by neglecting terms involring ,&c., since ~ is rciy small. 


• • sail) - ^ L- » 

whence t and d may be determined if cither be giren, ( 


..(1C). 


' ibe ratio -j- be giren. 


Notwithstanding the disadrantagcs of these formula;, they are in high 
repute in consequence of their representing the result of a very extended 
series of experiments (see lix. 4, 5, Art. 533). 

619. Classes III. and IV.— Rondelct’s Formula, applicable only 
to simple timber posts. (For Notation, see Art. 504). 

P = k, /* A (17). 

This is purely an empirical formula: k is a quantity varying with the 
ratio I d: it is given by Rondclet* in the form of a nnmerical ratio 
for several values of the ratio I d, determined by experiments on square 
Oak and Fir Posts. 


Batio f -T- <f 

H 

B 

B 

B 

Q 

B 


Value of k 

B 

B 

B 

B 

D 

B 

B 


The only merit of this formula is its Mmplicity in application, especially 
when P is the quantity sought. 


• Bo&eetet,*'I.*XrtdoS4Ur/' 1U2. i«ge nr. 
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It lias tlie so-tous disadvantage that tlic "state of fixation ” of tlie cads 
of tbe posts for 19111011 the fomnla tras aSoptetJ, is noivliere slated in 
Hondelet’s Worlc, nor has this omission been supplied bj later irriters. 

[From ft comparison of this formula with Gordon's formula made bj the writer of 
this Article, it appears probable that the fonnula is applicable to Pillars with loth 
ends fixed, but the agreement between the formnlm is decidedlj' bad], 

Purther, when A is the quantity sought, ( the usual problem,) the for- 
mula cannot be success/uUif used witbont a previous knowledge 6f the 
ratio I d which involves the knowledge of d, one of the very elements 
sought, so that in general several trials must be made with dificrent values 
of A, and the ratio t •i- d resulting from the value of d obtained by solu- 
tion of the equation A P -r- (h .ft) compared with the value of X- 
actually used (see Ex. 3. Art. 533). 

On account of these disadvantages probably, it has been left out of 
some recent important Works on Engiuecring. 

620. Classes III. and IV.— Gordon's formula (universally applicable)* 


F nnlfonnly distribnted over the area A. 


Doth ends free. i 

1 

Oa« end free, ono end fixed 

noth ends fixed. i 


« /e.A 

! t>_ /.-A 






(IS) 


c ~ y jjr cast-iron, yyVv wronght-iron, 

= 5 ^ for drj timber, for stone and brick. 


The simple relations in cqu.itions (8) and (9), g. v., render it unnecessary 
to commit more than one of these to memory, (a matter of some import- 
ance,) but for convenience of application, especially when A is the quan- 
tity sought (the usual problem) it is more convenient to have them ready 
to hand without further reference, or reduction. 

This formula was first proposed hj Ttedgold* on theoj elical grounds ; 
it fell into disuse probably in consequence of the experimental data for 
• " rractlcalXsaar os tbe stream of Cast-iron, fcr Tlioatss lledsalil, <t& Xd., Itl2. 
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determining llic constant e being tlico insufljcient. Mr. Ilodgtinson’s for- 
nrnla?, (j. t*.,) derired from bis own extensiro experiments afterwards met 
witli unirersal approbation for a time. Tbe confessed inconveniences of 
Ilodgldnson’s formulas led to the rcmal of Tredgold’s. Tho value of 
the constant c was calculated by Mr. Lewis Gordon, from Ilodgkinson’s 
experiments, and is now known as •• Gordon’s formnla." It evidently rests 
note on as good experimental evidence as Ilodgkinson’s own formula:, and 
is now generally adopted by the profession. 

, A theoretical proof of the form of the formula will bo given in tho 
Chapter on DcQcction. Tbo formula is introdneed hero to make this 

Chapter complete : it is sufficient to note at present that the term c ( 5 ^* is 

that introduced by the liability to flexore of a “ Long ” or “ Very Long ” 
Pillar, also that tho Strength evidently decreases ns the ratio I >t* d in- 
creases. 

The mlo given for the value of d (see Notation, Ait. 604) being taken 
as the ieast width of the least simpio figure {triangle, rectangle, square) 
that can he drawn round tho cross* 6 cction A is only approximate, bnt is 
generally svflaendy accurate. 

]Tor Ifflportant cases, J shoold be taken as the Uatt radios of ETiation of tho cros»> 
BCetloo about its centre 0 ! gravitj. 

The formula reqaires slight moJifeatwn for this purpose, ti* , for ( 5 ) write 

The modified formola is given in Ilankine’s Civil Eogincering, Arts. 3G3 and 

SG 6 , together with a table of the values of the least radii of gyration for fonrteen 
common forms of cross-sectiomj 

521. Application of Gordon’s formula. — Its advantages are— 

(1) . In consequence of its form having been theoretically established, 
it does not present the discontinuity of Hodgkiuson’a and Pondclet’s 
formula:, nor is it limited in its application to the particular forms of cross* 
section experimented on ; in fact its range of application is very great, 
Tiz., to “ Long,” and “ Very Long” Pillars, (and even to “ Short” Pil- 
lars, for when the ratio I -i- d is small, the formula merges into that for 
‘ ‘ Short Pillars,’.’ viz., P ^ ft. A), and of almost any form of crojs-seefibn. 

(2) . It is easy of application compared to Hodgkinson’s formula, as it 
requires only a table of sqnarcs for its rapid esc, especially when PorW 

- are the qnantities sought. 
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(3), It has the disadrantage when A is the qnantitj sought (the 
most useful problem) that^ if A be definilehj expressible in terms of d 
(as is usual in simple cross-seclionB, e. squares, circles, &c.) a quadratic 
with inconvenitnl numerical co-efficients results for determining d. Still 
this can always be solved (sec Ex. 3, 4, 5, Art. 533.) 

If however A be not d^ntteltf expressible in terms of rf, (as is the case 
in any crosa-seetion but the simplest,) e. g., in rectangles an additional term 
1) is involved, and especially in wroughfc-irou work in which two additional 
terms i and t are usually involved,) the problem is indeterminate, {■ e., there 
are more unknowu quantities, (viz., b, d ; or 3, d, i) than equations, and it 
may reqnire sevcrol trials before a satisfactory solution can be obtained. 
There being then more unknown qaantitles than equations, either some re- 
lations rQV\8t be assumed between them, or the values of some of them must be 
provisionally assumed such as e.vpericDce dictates. The most convenient 
method is that which avoids the difficulty of solving the quadratic, (if 
many such calculations have to be performed, this is a practical hint of 
importance), by first cssumzng the value of d to be some quantity as ex- 
perience dictates ; if there be still two unknown quantities, viz., h and t, 
one of them can be nssnmed at pleasore (noting that b cannot be < d by 
hypothesis). On solving the equation two defects may arise. 

(a). If i has been the quantity assumed, b may resnlfc < d, which would 
make the formula inapplicable. 

(5). If 6 has been the quantity assumed, i may turn out to be o thick- 
ness too great, or toosmall for practical convenience. In cither case tho 
formula must be tried again with different assumptions : a few trials will 
give a satisfactory result. (5'cc Ex. G for practical cxcmplificatiou). 

522. Best Forza of Pillar.— It has been explained that it is pos- 
sible to utilize the full power of resistance to ** direct crushing” of tho 
whole of tho material only in the case of a “ Short Pillar," and that tho 
Strength of a Pillar decreases as the ratio f -i- d increases. Economy of 
material, and therefore vsuallg tho best form of Pillar, are attained by ar- 
ranging the material so that d mag have the greatest value for a Pillar of 
given length /, that practical considccaiioos admit of, and that, if possible, 
tho Pillar may be a “ Short I^lar.” Obviously, therefore, a solid Pillar 
is thtoTtlkalhj wasteful of material. Referring to tho safe limits of work- 
ing load intensity given in Art. 504, U is seen that Solid Pillars of ono 
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inch square in their least section, will carry Working Loads uniformly 
distributed as follows 


Timber, .. •• •• WslOOOlbs^ if / not > 10 lacfaes. 

Cast-iron W s 10 tons, if I not > S inches. 

Wronght-iron, .. •. T7 = 5)ton9, if 1 not > 10 inches. 


It has been already explained that of solid Pillars " of equal area 
tho Square is the strongest form of rectangle, also that the Ultimate 
Strengths of the following simple solid cross-sections oj equal area are 
approximately as, 

Circle: Square : Equilateral Triangle =s 10 : 9-3 : 11 (14) 

Tho best forms of complex, and hollow cross-sections will be considered 
separately for each material, as considerations of cost of, and facility of, 
construction greatly modify the forms suited to diO'erent materials, e. g., 

(1) . Solid cross-sections are economical in Stone, Brick and Timber. 

(2) . Hollow cross-sections arc economical in metals, riz., of curred 

outline in cast metal, and of flat ontUnos with sharp angles, in 
rolled metals. 

It has also been explained that it is possible to utilize the full power 
of resistance to “ direct crushing ” of tho whole of the material, only when 
the Load Is uniformly distributed orer the area of every cross-section. 
It follows that economy of material is secured by making Pillars " of 
uniform cross-section. 

Further it has been shown that economy of material is seenred in tho 
case of “ Long *' and “ Very Long Pillars” by Crmly fixing the ends. 

It appears then that economy of mofm'af is in general secured, 

(1) . By adjusting the joints or points of application of the Load, so 

that the stress may be uniformly distribnted. 

(2) . By making “ Pillars ” of UDiform cross-section. 

(3) . In “ Long ” or *' Very Long Pillars ” by firmly fixing the ends. 

(4) . By so arranging the form of cross-section that the Pillar may if 

possible, be ft “ Sbort Pillar ”. 

623. Llatcriols.— The materials usually sobjected to crashing strain 
nre— 

(1) In Bonding: Stone, Brick, Cement, Concrete, Jlortar; Cast-iron, 
Wroughl-iron ; Timber. 

(2) In Manufactures : Ca«t Metals; Wronght-iron ; Steel. 

Tlie following is an cpilcmc of their princij-al properties with reference 
to cnxsSi'nj strain. 
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524. Stont, Br.JCK, Cemcst, Concrete.— -These nil resist crushing 
stress TTcll nnd other stresses hadljr, and arc in consequence seldom used ex- 
cept to sustain crushing stress. Thcirpropcrticsofc fully described under 
Bnilding 'Jlntorinls. It may bo hero noted, 

(1) . Laminated stones resist pressure perpendicular to their laminsj 
better than in other directions, and eltonM therefore generally be set with 
theirlaminajorquarry beds peqiendiculartolhelincofpressuro, (i.e.,usaftlly 
horizontal). The values of ft tabnlaled, are for this direction. 

(2) . Of stones of one kind, the heaviest is generally the strongest. 

(.1). Tljcstrongest stones aro Basalts, Primary Limestones, and Slates. 

Sandstones vary grcailu in strength according to their molecular struc- 
ture. 

(I). Hie hardest stones and some sandstones, alone give way to crush- 
ing snMeuhj, 

Other Slones and also Bricks, begin to crack and split nndcr a load 
varying from J of the emshing had uftrarJ*. Stone generally yields iy 
gfitarin^. (.^re Cliv's 11. " Mode of Failorc, " Art, 509, (^)). 

(5). B.t['orimcnts on the Strength of stone Jiarc hitherto been^rnrrrtf/y 
made on cubes, (f.e,, “Very Short Pillars,”) so that the tabulated valtjos 
of f are generally too /itjL Experiments on “ Short Pillars ” ( 7 . v.) are 
desirable. Tor irnpcrMtil stnictiires the best course Is not to Inisl to 
books, lot to ascerbiin the value of f for the stone chosen by direct c.t- 
pcrimenl on *' Short Pillars. ” 

(G). Tim division of a column into horizontal courses rnch 0 / tchich ii 
a nonoUth, iTcll dressed and bedded does not sensibly* diminish its resis- 
tance to crr;<hifig, but n-rttra/ jnintsof; does drmintfh Ih.at rc«fstance. 

(T ). In cofneqiienco of the e\pen^e of cutting, solid sections arc the 
only f^cnonical ones : tlio actiinl Cru'ihini: Strength of thc«c materials is 
eeM‘''ni norkctl up ( 0 ; architectural and economical considerations gene- 
rally lix the outline of “ Pillars ” of thc«c materials. 

525. CasT-inoN. 

(1). Ill rosl^fanee to “ direct cmshiiig” is very high and t's about C 
lim''* its tcnadly in con«e<{oencr« of its crystalline rlnicturc; (».e,yi = 
G/»), »o that it is well auited to resist “tlirecl crushing” 8 trc*s, 1 . 
f.r U'c as a " Fhort Pillar.” (Compare Art. 509). 





coMPsessto?. 


493 


(2) . Bot its Pesistance to bending is small, bccanse its Modalns of 
Elasticity (Ei) is comparatirely low, so that it is not well snited for nse as 
a “ Long ” or “ Very Long ” Pillar. 

(3) . Bemelting improres its strength, «. ff., 18 meltings hare been 
fonnd (by Mr. Fntrbaim) to donble* the strength. 

(4) . Intense cold makes it brittle : rapid changes of temperatnre caase 
it to split sometimes. 

(5) . Thin castings hare a higher resistance to “direct crushing ” per 
unit of area than thick. 

(C). The surface of thin castings is stronger than the heart : in thick 
castings the Strength does not sensibly rary. 

(7) . A slight ineqnality in thickness of hollow Pillars does not im- 
pair their Strength mneh, 

(8) . The “best form” for Cast-Iron Pillars appeats to be that of a 

holloio cjVcufar cylinder : the thickness is seldom made less than ^ of the 
diameter,! i. e., t, not < c?. 

(0) . Cross and, Channel Cast-iron “ Pillars ” are weak: for the best 
form of sail'd section, see equation (14). 

626, WnoconT-tnoN. 

(1) . Its tenacity is rery high, and isaboot times its resistance to 
“direct crushing,” i. e.,/, = about § y,. It is well suited to resist 
“ direct crushing,” t. e , for nse as a “ Short Pillar.” 

(2) . In conseqnencc of its tenacity and resistance to “direct crush- 
ing” being both high, jt resists Oexurc well, and is well snited for use as 
a “ Long ” or “ Very Long " Pillar. 

(3) . “ Long " Tnbniar Pillars of square section (consisting of four equal 
plate irons riveted to cqnal angle irons at the comers) fail, when I not 
> 15 rf to 20 d, and t not < ^ by “ buckling,” not Ij crushinq, under a 
Breaking Load of 

27,000 lbs. or 12 tons per square inch of iron if single. 

3C, 000 lbs. or 1C tons „ „ side by side. 

“ Long” Tabular Pillars of ctreu/ar section 36,000 lbs. 

The Resistance to “ bnckliog" increaser with the ratio J , but no formula 
has been gireu. 

• n*iiklB«’»'*C5TnEnF-M»Tiay,“ fth EJ., Alt JiJ. 

» IUiili»’«‘'OTaErpn««tt=c,'ClliEi.,Art,ta. 
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(4). Tlic sti/est form of ** Long Pillftr” is that of <t cell, i. C., a Inilt 
Ui\'C Ttlnch may bo cylindric, icctnngviUr, or triangular. 

Tlicre are practical difficaUies in tlio way of making tip email cylindrio 
tubes; the fignree elioiv a bnilt roctangolar cell, 8 faj, ami a trian- 
gular cell 8 (bj enitctl for tlio compression flange, (see Chapter on 
Transverse Strain) of a Girder. Smalt cells, i, e., cells of email area, 
present practical inconrcnicnccs in the impossibility of painting their in- 
terior purfaces properly originally, so as to protect them from exposure, 
amt of obtaining access to them Afterwards to cxaiuino tbo state of their 
interiors. 

A cell ehould bo at !c.ast big cnongti to admit of passage of a boy to 
work inside, i. e., at least 80 incites wide and higb< 

A very conrenient fonu of cross-section is that of a built up St. Andrew’s 
Cross. Titus it may be built of two T'lTons, or of four angle-irons rivet- 
eal back to back, or of flat plates (two or more) united by four angle- 
irons, (tee r»g. 8, (cl, (</), (c). 

Fig. 8. 

(o). (»)• w- w- 



(f), (r>). To insure the tUfntts of a bnilt pillar or 


J ri strut, tlie t>«rs of whicli it is built sboiild break joint 

I wlien in pevcral lengths. (The compression flange 

I ^ of A girder is a good example of phcIi a case). 

* ' ' iJ' abutting of ruecessiro lengths against each 

1 / ether phoulJ be equable, and perj'emlicular to tbo 

lengths: to iniurc this, crery lur pbonU have clean 
i * I Isne end* : this is arranged by a pair of /Hirof- 

I<1 circular raws en a common axis, *et at a distance equal to Intrndeil 
Irrgth t f I ir : a I ar jdaced parallel to the axis of tbe taws, and moreil 
Ibern has it* two ends cut at once into parallel planes, |erpcndi- 
eul»r t/') it* lerglh. 
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(6). In consoqnencc of the diflicnltj of fastening the ends of sinjle 
angle-irons, and ein/jU T*irons, othenrise than by rircling the angle-irons 
by one arm, and the T-irons by the head, in which case the Hcsultant of 
the Stress clearly lies at the greatest possible distance from the axis of the 
Pillar, and therefore prodnecs the greatest possible amount of flexnre, 
single nngle-iruns, and single T-irons are quite nnsnited for nac as “ Pil- 
lars, ” and especially as “ Long ” or “ Very Long Pillars. " From ex- 
periments made at the Crumlia irorki, it appears that the rednetion in 
strength of some of the followiag forms of rolled iron dne to riveting 
by one flange only is very great, as may be seen from the following 
Table* 


Stupe. 

sue. 


ItnBtrki. 

Louil BoUona | 

eTCTCfo«« MCI Ion | 

Lc«J erplied It 

Aagle-lrous, .. 

3' X 3" X A'j 

m 1 

121 


X-lrooi • • 

3* X 3* X 1* 

211 

J8J 

y,£ — lenptbi set 

ChasneMron, .. 

3* X U* X f' 

171 

1 

BeetMueC. 

Cross iron, 4. 

a- X SI- X s- 

171 

15C j 



It srill be observed that the redaction in strength is greatest in the 
angle irons, as might hare been anticipated. 

Although the use of angle-irons rireted in this manner is eridently 
very un/aiorahle to economy of material, nererthcless it may often happen 
that, in conscqnence of the comparalirc cheapness of angle-iron, and the 
great ease {and therefore cheapness) of rireting by only one arm, it will be 
the cheapest mode available. Whenever its cheapness renders its nse in 
this manner advisable, the great reduction of strength mnst be remem- 
bered in designing the area of metal necessary. . . 

Unfortunately no yomufo, accurate or Approximate, is extant for this- 
purpose : an accurate formula would probably be more complex thaffi 
formula (4), q. r. (in which the bending action of the load is introduced), 
as both Bending and Tidsling actions occur in angle-iron loaded as pro-l 
posed. \ 

The extremely unfavorable mode of applying the load, viz , by riveting 
by only one flange, may however often be avoided, even when angle-irons 
• Cnwln'» Lectures Ifl IIH *'OntlieCcrnttiiict]«n«f Wroagtt-tron BriJgw,” Chattiua. 
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and T-irons nre used as “Pillars,” by using them in pairs, placing fhcnl 
oM on each side of the bar from Trhich the crnshing stress is to be trans-* 
ferrcd to them, and fixing them at that distance apart throughout their 
length by “ filling-pieces” at intcrrals. Although the Stress cannot be 
said to be uniformly distributed by this arrangement, the Kcsultaiit Stress 
is brought to more nearly co-incidc with the axis of figure of the compound 
Strut, so that the Bending and Twisting actions on the compound Strut 
are nearly got rid of. Instances of this arrangement will bo giren in tho 
Bracing of Iron Roofs. (^See Ex. 8, Chapter XXV.) 

527. TiKDcn.— In consequence of variations in the molecular struc- 
ture, the Strength is different in different directions. 

(1) . The Strength is much greatest in the direction of the fibres^ so 
that Timber subjected to crushing strain, should whenever possible, be set 
so that the Stress may bo parallel to the fibres. 

(2) . Resistance to crushing depends to a great extent on tho latcrsl 
adhesion of the fibres. Moisture in the timber reduces this lateral ad>, 
hesion, and reduces thereby the crushing strength to one^half pt that of 
dry timber. 

(3) . The Crushing Strength of dry timber varies from i to § of its 

tenacity, i. e.,f =: to \fc 

(4) . Tlio recorded values of f arc, when not otherwise stated, to bo 
always understood as referring to the Crushing Strength of (hy timber 
parallel to the fibres. 

(5) . Crushing across the grain takes place by a sort of shearing or 
sliding ; experiments on timber loaded in this manner show that it is not 
ixtarhj so favorable a manner of loading ; no definite laws have been dis- 
covered. 

(C). In consequence of the expense of cutting wood, solid seclions oro 
^ in practice the only economical sections for timber, {see Art. 522). 

. 628. Strength of Timber Piles. — Piles are generally loaded by a 

f yc'surc in the direction of their length, and are tbereforo “Pillars,” and 
ibcir Strength is to l)C estimated according to tho principles of this Cbnptcr, 

( with tlie following modifications:— 

(1). Piles driven till they reach Jirm ground. Tho imbedded and pro- 
jecting portions sbould be separately coiisulcred. 

(a). I’he imbedded jiortion. — This receives so much lateral sujiport 
from the ground into which it is driven, that it is uot liable to llcxure. 
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nml ill Flfcngth may I’O fairly ciUtnatrsI na for n “ Sliort Pillar ” (dlsrc- 
gardirig the Ungih jmhMilcd). ’ 

(1) . Thf f'rojteiinj forfiort.— TliiP rortion phould l>o (rcalcd as a Pillar 
fiul of one (ml only. 

irprZVnj Tlie faclor of rafrty may to taken a.s 5, Int tlio 

Ftrcngth of ncl tiniher 1*0102 = J Strength of dry timber, there results, 
/«fen»ify of Worling Load for Piles driren to firm ground, and rrholly 
iml-cdJed, or nearly to, = ssyi -h 10 s= 1000 lbs. ycr aquaro 

inch cn the arcrage. 

(2) . Tilti itandinj »V tffl ly /riclhn. — It is itnpoeilble to 

cUlize the full powers of resistance of piicli piles to *' direct crushing", 
Tliclr rafe Working Load depends chifjly on the i^rrufance of the soif, and 
cot on Uicir Strtuylh. 

ir<*riiij /nf^miVy, ( (It<*r>«J»kt*»Ii«ile)* = <27 to trS lb* per s^twre iacli. 

from j rsrtieal exaraplffc I (lUnklije** Uole)t ss 200 ffi. fcr sqnare tneh. 

In any case (1) or (2) it is considered adrisablo that tho least breadth 
of a Pile shonld oot be less than I-20tli of the lengtli, to enable them 
to lake np the blows of llic ram used in driving without undue flexure. 

(3) . Tor Uic theory of Pilc-dti\mg , «« Chapter XXIV., akrt. 555, 
629, Cruahlsg and Collapsing of Tubes under normal pressure, 
(1). TJdn ci/linders.—W’hcTt a /Am hollow cylinder or tube is pressed 

normaUi/ from wilbout, it gives way by coHopsiug " under a pressure 
whose law is expressed as follows^ for circular sections. 

Intensity of Ultimato Hcsistancc to collapsing q v. P'* ~ Id, or 

— ^Ul—fC'-^ld (approximately) (19) 

Ilcro I = length of tube, or length between its Blrcngthcning bands. 
For plate iron floes with butt joints /a= 0,072,000 lbs. 

For an elliptic section (2fl, 25, the axes), for rf in above fonnulic, snb- 
Etitntc twice tho radius of carvatnre where the tubo is weakest, i. e., flattest 
in enrvatorc, i. write ^ for d. , 

7 /. 27 ,— These rales are deriTciI from experiment, and are only approximate. K 
(2J.—Thici cylinders — When n thick hollow cylinder is pressed nor-\ 
mally from without, (<- y., as by fluid pressure), there is a circumferential f 
thrust round it whose greatest intensity takes place at the inner surface. \ 

• Uorln " lUstitasee des UaUrianx,'' roge 71. 
t lUnkiae'i " Uutul of OtU EoglMCTliig,” (Cb Ed.. Art. 403, 
r Falrbolm’* " Infonuttoa lor Cseineer*,” 3iid Series. 
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Let R, r be the external and internal radii (in inches) of the cylinder 
(supposed circular).— 

q = intensity (in pounds per square inch) of the normal pressure 
from without^ that will crush the cylinder. 

= ultimate normal intensity of pressure. 

2 ' = intensity (in pounds per square inch) of the normal pressure 
■ fronx within. 

Then * (/; -f 3 - 2 '). 112 ^ (y; _ g/j (20). 

In designing a tube it should be made strong enough to resist the 
external pressure even if not partially relieved by the internal, hence 
taking g' = 0 , it follows that 

^=yr:|a„d|-=yir||j csd. 

Theso equations give the ratio of internal to cxlcrnol radius of a 

tfticl tube, that will just giro way by “ direct crushing ” at the inner surfac® 
under au external normal pressure of intensity 3 , or will safely boar a 
"Working normal pressure of intensity q^^s, and are found to gire satis- 
factory results for thick cylinders. 

They are applicable to water pipes laid under water or deep in the soil. 

530, Weight of Pillar itself. — The Weight of tlie Pillar itself, 
it forms a part of the whole cmsliinq Load on the Pillar, (which will 
always bo the case when the Pillar is not horizontal,) should In strictness 
he included in the gross Load, whether Breaking, Proof, or Working. It is, 
however, important to notice, that unless the Pillar be of great length, its 
own Weight will often in practice (especially in Timber and Ironwork) in 
Engineering bo bo small a fraction of the whole Load, that it may be neg- 
lected. 

The only ordinary case in which it becomes necessary (in practice) to 
■onsidcr the weight of the Pillar itself, is in lofty masonry structures, espe- 
.,\ally Towers and Piers. 

631. Pillar of “ Uniform Strength.” — A Pillarof uniform strength 
under direct compression, alone, (t. c., not liable to bonding), should bo de- 
signed {niutatis' mutandis, i. c., changing /, to f, &c,) on the principles in 
'Art. 498, q. V. It is, however, hardly ever necessary in liractical Engiuccr- 


ItanUue's Applied Ucchaates, Art. 2S7. 
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ing to design Pillars of " Uniform Strcnglh.” Professor Rankinc has re- 
cently suggested the ndrlsabnity of designing ven/ lofty masonry dams, so 
as to be of Uniform Strength, but as these dams ate necessarily subject to 
severe Transverse Strain, their consideration is deferred, (see also Art. 449). 


• Practical Soltjtiqs or Problems on Compression. 

532. The Problems which occur in practice are of two kinds— 

(1) . Direct.— Given A, I, d,ft, s, to find P and W. 

(2) . luniBECT — Given P or W, /«, s, /, to find A and d. 

533. The Direct Proelem. — Given A, I, rf,/*, s, to find P and 'W. 

The solution of this problem is comparatively simple. 

(Isl). Consider the value of the ratio I d which detcnnincs the 
class of Pillar, viz., “Very Short,” “ Short,” “Long,” or “Very Long,” 
(aee Art. 503). 

(2nd). If of Class III. or IV., consider the slate of fisntion of tho 
ends which has an important influence on the Strength {see Art. 511). 
It is a matter of choice which formula (Hodgkinson’s, Rondeiet’e, ox 
Gordon’s) shall bo adopted, (Art. 510). 

(3rd). Consider the distribution of tho load, as unctjual distribution 
has an important influence on the Strength {see Arts. 601 and 607 (hf). 

The application of these principles is so simple, that no numerical ex- 
amples seem necessary. 

634. Toe Indirect Problem.— Given Per W, f, /*, s and the form 
of cross section, to find A and 1. 

This is by far the most useful problem, hut it is also the most difiicult. 
The difficulty consists in the ratio i -r- d which determines the Class of 
Pillar not being known <i ;jriori. 

(1) . Express, if possible, A in terms of d ; this can often be done in I 
simple forma of cross section as in wood-work, and sometimes in iron- I 
work. Consider the distribution of the load — Apply formula: (2) or (4) £ 
for “ Short Pillars ” according as the load is uniformly or unequally disll 
tributed. If tbe value of d resulting make tho ratio i -j- d fall withim! 
the limits for “ Short Pillars,” the solution is correct, but not olhendse. jl 

(2) . If from the last tnal it appears that the Pillar falls under Class il 
III. or IV. 5 consider the state of fixation of tbe ends. There is now o I 
choice between three formul.'c (IIodgkin«!on’s, Rondelet’s, and Gordon’s), ' 

(a). JtondeleCs is the most ea^y applied (applicable only to simple 
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cross-sections in timber), bnt as i* most be assumed by guess' work, it 
.imay bare to bo several times applied before a correct result can bo 
obtained (see Art 519, and Ex. 3). 

(5). Ilodgh’nson's suits well enough for solid Pillars of uniform rect- 
angular, circular, or triangular section (see bints on its application, Arts* 
513 and 518, and Ex. 4, 5). 

•• , (c). Gordon's, is the only ono applicable to ony cross section, so that 
'•n wrougbt-iron work in which complex cross-sections arc used to econo- 
ynso material it is very usefnl (see bints on its application, Art. 521), 

633, Hero follow six Examples worked out to illustrate the applica- 
tion of the formula) in this Chapter. 


Example 1. — Working Load (W) = 12,000 lbs. = tons, unj- 
formly distributed. V'lxxA the least breadth (d) of Solid “Short Pillar" 
required, and also the limit of length ns a ** Short Pillar" in the follow- 
ing cases 

(1), Square Teak Pillar? (2), Round Cast-iron Pillar? (S), Round 
Wrougbt-iron Pillar. 

Solution A =: P -f. /, =: aW -r* or A =r 

(1) . Square Teak rilhr.—^/f as 12000, » ss 10, rf* = A. 

.% d ss VA = VAV-f-”/e — fs/io X 12000 ^ J2UO0 = fs/w =S 31 inches. 

Also limit of length as “ Short Pillar” is I not > lOtf, i, e., not > 33J inches, 

(2) . Jlaitml Cait-iron Ptllar.—f^ =: 112,000, r = 5, «« s 10, ^ it* ss A. 


.-.<!= /l.A = /i,W-^/; 12,000-HllS,000=/^ = 'S3iiJ. 

s'" t/J" 

or thus J y i A =y i- ^ =y i X ^ -MO =y ^ . 83 inches. 

Also Limit of Length ns “Short Pillnr" Is / not > Bd, t. e.,nnt > 4-2 Inches. 
j(3). Pound 1Vrc>uqkt-iron Pi/Air. — fc = W,000, * = 4, = 61, ^ tf* — A. 


<„n...,j=yi.A=yi^^,,=yi.^^f5=|fyi=ii in. 

‘ Also Limit of length as “Short Pillar” is / not > lOd, ». e., not > 12 inches. 
Penuirl-. — It will now bo cvidcat that it is practically convenient to 
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use the co-effident/e "f- s or occorfing as 'W is expressed in pounds or 
tons. 

Example 2.— "Working load (W) s= 12000 lbs = 5-^ tons, distribn- 
ted so tliat its rcsnltant dcrialcs -^th of least breadth from the centre ol 
fignl-e of the least section (i. e., ar. = rf -i- C) along that least breadth. 
Find the least Ireadth (e?) of “Short Pillar” required, and also tho limit 
of length ns a “ Short Pillar” in tho follorring cases J 

(1), Square Teak Pillar; (2), Round Cast-iron Pillar; (3), Ron™ 
WroughMron Pillar. . I 

/. = «W.(l 

Also in square pillars ^ rP r= A. 

And in round pillars ^ J rP = A. 

(1) . Sqvart Teak riUar.-^f^ s 12000, $ o 10. 

” ,y + 5'' 3 )-:-/*= J~ B tl Inrlifs. 

Also Limit of iengdi as " Short riUar” 1« I not 10 ./, 1 . r , not > 43 Inrhri. 

(2) . iloviii Catt-iron /’./far.—/, ss 112000. * es P, 

••• “I =7? ■ f 3 ) -yrr^'' -f- =7; ■= 1 1 

Also Limit of Length as "Short Tillar ** Is I not ... .Vf ^ e., not > f) liuhe\ 

(3) . JiOtfiiJ Vrcv^k/.iren AWflri — /, = lOiVm, » 55 4. 

•••■'= 7' ■"'•0+ j3)--^-=75^'" -/■“7''^"" 

Also limit of Length as "Sltort Pillar** Is /not > l(Vf, ». f , n't > 1? Iml rs 

7?frnerZ.— The efTi'cl of unequal dj'tnholion of the l(>a 1 m ifi> inn*i -._7 
the Strength of the Pillar, mil then by neccsilatiug a grrsler s<cti -nal 
«rc.t (3\), (0 bear the fame Working Ix-a I will i e ru Irat fit tu <x liq 
Examples 1 and 2. i 

Tliesolntions j«‘t giTenare cf eoni^e tp|llra’ !e rrly I-'" S' c rt JhTt.’s/ 

I. e., when / d does not nreeJ the ItmiU tnrtilj lae.!. 

The follon-jng eia.mjle! irHl il!c*tn*e tie «! c/ u cf 

the formul.T for “ licrg” ar.3 “Very 

rxa"i;>.V S.-WerVinr Load (W) = H.M tf- = l-^l vJ- 
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fornily distribntcd. Find the feast bnadth fd) of a Solid Sqnare Teak 
Pillar of length (L) =z IG tcGtJlxed at both ends reejuired. 

Sohiion : — It will be foond (by nctani trinl, see Example 1), that this Pillar is 
act ft “ Short Pillar, ” bo that the formula for " Loog " find " Very Long ” PilJara 
nnst be used. N.H . — ^Tlie constant C ot llodgkiosoii’s Pormnla not having been de« 
;crniiDcd for Indian ^yoods, his formula cannot ooiv bo used- /c ~ 12000, s s= 10. 

. JJrj Jiondelet's Jermtila.—A = P -!-(*./*) ss: jW ^ (* ./e), tP a; A. 
n The ratio I -J- 1 ?, on which i depends, not being kno^vn d priori, the value of k must 
..jn«signcd 4y ffutss tcork. The limit of length for n “Short ” Pillar being (#ce Ex- 
iplo 1), about 33 iiiohcs, the ratio cvidcutly targe in the present case. 

Assttnic * = § iiroeitioiialli/. Then 

i = v/A = a/iU’-=-(*/c) * Vit) X 12000^(1 X 12000) = s/50 ss CJ inches. 
Icncc I-f- =5 12 L -r =: 192 ~C5 = 35 : thcvalncof^ corresponding to this 
a i (see Table), the value chosen, so that the solution is correct But this accor- 
lance might not ha\c bc^n attained srithont several trials. 

Coi'f/ofi’l/urmu/d.— alV = P=/,.A~ | ,0 ^ A=srl’ 

10 X 15000 X [> + jjli X <' ■ - j = 12000 d', 

d* — 10<r ss 102 **t-25s 1474*50, whence il = CC inches. 

Ttfmflrit.— Tho qnadrfttic i)rcsentod in tlih enso is easier of solntion 
han would commonly occur. The discrepancy between the result and that 
jiren by Rondclct's formuln sbonld bo noticed. It is probably due totho 
mcertainty (allndcd to in Art. 519) in using Kondclct’s formula, which 
rontnins no factor depending on the slate of " fixation of the ends.'* 
Jordon’s formnla is, on neconnt of its greater precision, to be preferred. 

Example d. — 'NVorking Jjoad (W) 12000 lbs. = Sj'V tons %tn>/omJi/ 

Ustribated. Find tite lea*t hrtadih (i/) of Bolld Poniid Cast-iron Pillar 
f length (L) = IC fcct,/(Xfd at loth ends. 

It will lie found (by BCtnal trial, rrr Ex. 1), that this Pillar is not a 
Short Pillar,” so that the fonnohe for “Very I/>ng Pillars ” must Lc tried, yi ~ 
12000, is: 5. 

Jiy Jtx'etglimiOH'i /I'rmtda /^r " Very Lony JV/kirj.”— (Ej. (10), Art. 5H>). 

= JL HI =: ill r= 6 if •” iHl - g*” 

llfr^e d es 3J inebrs. As / J ^ 12 L -j- rf 7 SO, the Pillar is a “ Very Long 
’ilUr,” tel the Solution Is correct. 
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SyGordon'sfomiila . — aW =P 1 + c . | > c = g^iA = 

.-. 5 X 12000 X |l + 112000 X ~<P 

15 ^(r+ 13324 J=:22d‘,whencc(i‘ — ~^* = 1^x 13324 

,% <P = a/ 812, wheflce d = Sjz inches. ■ 

Example 5.— -W orking Load (W) 5= 12,000 lbs. = 5^ tons untforn^ 
dhtrihitied. Find the least breadth (</) of Solid Square "W^ronght-irf 
Pillar of length (L) = IG feet,yrctf at both ends. ' 

&lH(ion : — Ik trill bo found (by nctoal trial. See Ex. 1) that this Pillar is not £ 
" Short Pillar,” so that the formula for “ Very Long Pillars,” must be tried, ft = 
40000, < = 4. 

J7y HodqkxnsoritfuTmxdA for “Very Long Pillars” (Eq (12), ArL 51G). 

P L’ 

” oSJo* * JT§ piUare. 


But the Strengths (P) of CxTCular and Square Pillars of tame Ireadth (d) are 
as 1 : I'O (Equa&oa 15). 

1 P L» , „ 

= n ■ 22W • 4l8 

-J- i3L. !«* , 4 X 75 .. 1C» _ . 

“ i-0. ‘ 2240 * 42 tl *“ 1 6 X 14 ^ 42 8 “ 

-rrhence d = 31 inchea As /•>■ d = 12 L'f'd = CO, the pillar is a “ Very Long 
Pillar,” and the solution is correct 

2?y Gorii/rit formula.— »\i = P =/c A-^ 1 1 + c . J , c = A = (P. 

4 X 12000 { 1 + ^ = <0000 f 

d* _ 'CtP = 7 3723, whence <P = *3 ± ^/ 7 4628. Hence d = 3 inchci 
Example G.— Working Load (W) — 1200 lbs = ^ tons uniformly 
distributed. Find the size of Angle-Iron reqaisite as a Pillar of length 
(L) — 16 feet fixed at both ends. I 


Hence A = Sit, and d = 6 -r- nearly (being tee Notation, the least breadth of cir- 
cumscribing triangle). Assnmc (3) a |irori«i#iMl ralue for 6, (e. y., 5 s 2 inches) 
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, Then A = 26t = 4t, and d = l-i- «y3 — \/2. 

Also l~~d = 12L-i-<Z> 100, the Pillar is a “ Very Long Pillar. ” Hodgkinson’a 
>nnula cannot be used as it contains no factor to salt it to an angle-iron section, 
onion’s formula alone can be used. The object of assigning a provigiiinal ralne toJ 
stead of to f was (see Art. 621), that </ might be fixed, and the equation 

ir solntion (Gordon’s formnla), which would be quadratic in d, thns reduced to a 
mple equation in t (a material saring in calculation) 

Bff Gordon^sformvla. — sW=P=/cA.-7- ^ ~ 

« .••■lx 1200 X { 1 + = “““ X 

= {'+S} 

Hemark.-^As the resulting size, viz., 2' x 2’ >c is an ordinary size 
f Angle Iron, the solution is a practical one : but this result might not 
avo been attained without several trials {see Art. 521), e.g., i might have 
irocd out cither so great or so small that practic.al considerations would 
mder such a solution useless : in such a case, a fresh provisional value 
lust be assigned to aud tho formula tried again. 

The term "provisional value'* will now be understood os meanlog a 
alao to be considered dependent on the solution being satisfactory as 
ar as practical considerations are concerned. 

[Af.A— .Farther Esamples of application of Gordon’s fonanla to 7**^^®“ 

J L_-(donlle angle-) iron sections will be found at end of Ex. 8, Chapter XXV.] 
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534. A fitting scqael to Ite Cliapters in which the states of Tcuswu 
nnd Compression arc considered separately in detail, will be to compare ^ 
and contrast them. The following is a brief statement of results from 
Cbaptcra XXII. and XXIII:— 

(1) . The Load, Straik, Resistaxcb, Stress arc direct in action, 1 . 1 ., 
normal to the surfaces of particles in mutual contact, and mutually 
parallel to one another. 

(2) . A state of Tension is one of stable cquilibiinm ; a state of Com* 
pression is one of nuatable equilibrium. 

( 8 ). Ilcsistancc to Tension is a comparalirely simple, and Bcsistanco 
to Crushing a comparatively complex phenomenon. 

(4). The laws of Ilcsistancc to vntforml^ distributed Load or Stress 
arc in both cases expressible by the same algebraic formula— 

P = /. . A or r = A . A (2) 


(provided the material under crushing strain be of class termed a “ Short ^ 
Pillar ” in Chapter III., 5 . p.). . 

(Sj. The full powers of Ilcsistancc of (he xrhole of the material nnderJ 
strain cannot be utilized in citlier case, unleis the Load or Stress bc| 
unilcirmfy ifisfnbut'eii*. ■/ 

Cor . — Material shonld if possible be so arranged, that the Load Lj 
Stress may be approximately uniformly distributed over its cross-s^f 
tional area. 

(C). Material under emshing strain in form of a “ Long Pillar” 
liahlo to additional strain from flexure, and the Strength of “ LonjJ 
pillars” decreases rapidly with the increase of the ratio I : d (length t| 
least breadth of cross section). 
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TENSios AKD coaminssrtnr. 


^OG 


(7) . Unequal distribution of Load or Stress is extremely disadrnn- 
tageous in material exposed to crashing. 

(8) . Fibrous and Ductile Materials are best suited to resist Tensile 
Strain. (Exajnple. — "Wrought-iron, Rolled and Drawn-bietals, Cordage, 
'Timber). 

I Crystalline, Semi-Crystalline and non-Fibrous Materials are best suited 
j resist “ direct” Crushing Strain. -Cast-iron, Stone, Brick) 

^ form of “ Short Pillars.” 

iWought-iron is best suited to resist crushing complicated by bending 
\p in “ Long Pillars.” 

• (9). Timber resists Stretching belter than Crushing, and resists both 
parallel to its fibres much better than across; its Strength (especially 
, Crashing Strength) is much redneed by moisture. 

635. Combination of Cast-iron and Wrought-iron — As Cast- 
iron resists “direct" crushing strain In “ Short Pillars ” much bettor than 
Wrought-iron, and as Wronght-iron resists tensile strain much bettor 
than Cast-iron, as may bo seen by comparing tbo ralucs of the constants 
(Arts. 481 and fi04) for each, 


Cast-Iron, ... i| 
Wrooght-irOB, ... i, 


1} ton^i ft 
7 tons t $t 


to lons^ 

5 5 tons ) 


per sqnaro inch. 


‘t might bo supposed that in a Stmclnro exposed in parts to Tensile, in 
arts to Crushing, Strains, a combination of Cast and Wrouglit-iron would 
0 most economical, viz., by tlio use of Cast-iron to resist the “direct” 
>nisliing Stresses, and of Wrought-iron to resist tho Tensile Stresses. 
Such a combination has been frequently tried, but lias been found very 


cfcclivo in consequence of tlio contraction in the Cast-iron being much 
'renter than tho siiiiultancons elongation in tho Wrought-iron ns may bo 
cen by comparing their Moduli of Elasticity, thus (see Chapter XXIV). 
I Cast-iron, Ec = 17 rnUHonlb*. j WrongJit-iron, E, = "0 million lbs., 

that tho Cast-iron portions, by their greater yielding, suficr ati unduo 
lion of the Load to fall on the Wrought-iron, from uldcli it comiuniily 
ppens tliat the Wrought-irun is strained beyond its clastic limit (see 
rts. 538 and 539) long before the full power of Resistance of tho Cast- 
on has been called out. Tliis has been amply proved by Ibc experiments 
f Mr. W. Fairbalni.* 

’ • rft.iL4:rti'i C*»t oat WfvagtHfon lo UttlUlBg ruri'®«*i” mi. 



CHAPTER XXIV. 

• STIFFNESS, ELASTICITY, SET. 


536. StifHiess or 'Rigidity.— JitgidtOj or Shyness is llic propcnj yy, 
a solid body of resisting Strain (or aUcrfttioQ of fignre), which the action 
of load tends to produce. It may be measured hg the ratio of intensity 
of Stress of a particular hind to the intensity of Strain produced. 

Fliabilility is the property of a solid body of yielding to straia : it is 
therefore conTcrsc to Stiffness, and may be measured by the reciprocal of tho 
mcasuro or Modulus of Stiffness. 

Thus ^[odulus of Stiffness = Strcss-iutensily Strain'intessUy •••(!). 

Modulus of riiabilUy as Stram-inlensily Stress-intensity ...(2). 

It is a remarkable thing that in most Duilding Materials the ralue of 
this ratio is approximately constant tciMm the limits of the proof stress. 

No bodies in nature are perfectly rigid, t. e., able to bear Load withont 
any strain or alteration of figure, but many Building Materials are ap- 
proximately rigid «n(?er small loads, i. yield iuscnsibly, c.y., Hard Slone, 
and Hard Brick. 

No sah'd bodies in nature arc pei^cl/y pliable: most hjuicZs approximate 
to perfect lateral pliability, and most gases when not near their point of 
liquefaction approximate to perfect pliability. 


637. Elasticity is tbe property of rccorcry of figure when the stres * 
(causing the strain or alteration of figure) ceases. , J 

Set is the permanent residnal strain, or alteration of figure, after t ^ 
cessation of the stress or straining force. 

Elasticity is said to be “perfect” or “imperfect” according as therjl 
coTcry of figure after tho cessation of the stress is complete or incompletl 
i. e., according as there is no Set or Set. \1 

No solid body has quite “perfect” Elasticity, {. e., a slight Set is prei 
duced by the action of any Load howcTcr small, I 
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£Thi? bas 'been ascertained by the experiments of Sir. Hodgkinson and Prof. W. 
jThomson : it may also bo infcjred from the principle of “ Conservation of Energy, ” 
(Art. 47u.) from ^\hich it appears that, in consequence of some of the “ Work ” done 
^by a Load in straining any malcrml being converted into Heat, which is lost byradta- 
Ition and conduction under all ordinary ciicnmstances, a portion of the energy commnni- 
’calcd to the material is in gtneral “ dissipated,” so that on the removal of the I.oad 
the remaining fi. e., Potential) Energy of the material is not quite sufDcient to com- 
» iletcly restore its fignic], 

X* .Ncvcrtlieless the Elasticity of many solid bodies (including Bnilding 
ftterials) is approximately perfect within the limits of the Proof Stress, 
d is “ sensibly perfect " practicallg tcithin the limits of any Stress (not 
,xcecding the proof stress) tchich has been pTwionsly applied and produced 
its set, This result (of experiment) is very important in Engineering, 
nnd should receive the careful attention of the Student. 

538. Limit of Elasticity, — The limit of Strain or Stress within 
aich elasticity is “ sensibly perfect ” is called the Elastic Limit or “Limit 
■ Elasticity.” This limit is important because experience shows that the 
esistance of materials to stress or strsiio exceeding that limit is irregular 
id not easily calculable, and that their Slrengtli is permanently impaired 
j such Stress or Strain, 

639. Working Stress orStrain. — Itis, therefore, an accepted dle- 
im in Engineering that the Proof Stress and Strain should not exceed 
ic elastic limit, and a fortiori the "Working Stress and Strain must In- 
iriably bo confined within that limit.” 

540. Co-eflicients of Elasticity. — It has been proved, by Green, 
lat there arc 21 independent co-efficients of elasticity of an elastic heter- 
jencons solid strained in any manner: in a perfectly homogeneous ("iso- 
•opic”) solid, these reduce to two, viz. : — 

(1) . Co~eJJlcient of Direct Elasticity^ i. e., of Resistance to Direct 
ongitndinal Stress (viz., E-xtension nnd Compression). 

(2) Co'tficienl of Transverse Elasticity^ i. e., of Resistance to Tangen- 
1 Stress (viz., Shearing or Distortion). 

‘ Building Materials, though not “ isotropic,” are practically snOicicntly 
iproximately homogeneous to admit of consideration of these two co-effi. 
ents only : the former is by far the more important in Engineering. 

641. Hooke’s Law and Modalns of Elasticity. — The Modidus 
'. c., Measure) of Elasticity of any kind is the vnlno of the Measure of 
tilTucss (E<j. (1), Art. 536) of that kind within the elastic limit, i. e., 
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wlicn the cla'sticity is sensiblif perfect. It is found li/ experiment that 
itithn this limit this quantity is sensibly constant for Building JIaterials : 
it is usually denoted by E. Bence 

“ Modulus of Elasticity ” =: “ Stress-intensity ^ Strain intensity ” 

= E (3). 


g , strctchiog, crashiDg, trans > 


{N.B — E is a Cenataat quantity for carfi stress, « 
verse, Elicaring, &c , for each Matenai) 

Result (3) may he expressed in this fonn, “ Stress oc Strain ”, or “ Sti 
“is proportional to Strain” (iti77tm the elastic limit')', this was ori; 
expressed “ ut tcusio sic vis”, and is known as “ Hooke's Law of 
ticity.” 


igtnnil 
f ElaT 


K.D — It is particuhirly to be observed that this law is approximately true for 
Building Ifatcrials, onhj w‘thiH the • elastic limit i r , it is true only ns a “ first 
approximation,” still it is scry remarkable that It should be really a gont approxima- 
tion for most Building ifatcrials* tor all kinds of load application, (i. e , Direct or 
Transscrsc)up to thcUmit of Strain or Stress by whicL ihcir Strength Uy^ermaaeaf/y 
Injured (Art. bS8). 


The simplicity of this law, viz .“Stress oc Strain " Las a most import- 
ant bearing on Applied ^(cchanics: indeed the modern treatment of Ap- 
plied Mechanics, i. e., Engineering calculation (especially in the Higher 
Branches) depends entirely on this laic. Tins must he carefully home 
in mind by the Student. 

542. A'e/afi'en,— In this Treatise the Modohis of Elasticity of n p-xr- 
ticular kind will be denoted by E with a subscript letter indicating the 
kind of stress, thus 

E« = Modulus of direct tensile elasticity. 

Eo = Modulus of direct compressive elasticity. 

El = Co-cfTicicnt of dcficxional elasticity under Transverse Load. 

E, = JloJulns of Transverse (fangcnlial, i. e., shearing) elasticity. 
p = Intensity of stress of a given kind (m pounds per square inch). 

I s: Length of a piece of unstrained material (in inches.) I i 

X = Longitndinal strain, i. e., contraction or elongation of I nnJer tho^ 
stress. > 

V = pleasure of distortion, {.e. Shearing Etrain-inten'ity (Art. 4C5). \ 
s= Cotan. of angle of distorted prism, square when onslraincd. 
c s= Set produced hy longitudinal stress of inten'ity p. 

* Ctet-lroB &xatto t'XmaKsaTt*i3actccit.crat«iiJjL*r,tiilft. 141, 
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543. Tensile and Compressive Elasticity (Et and Ec). — Tension nnd 
lomprcssion being bolli “ direct” in action, i. e. (see Chapters II. and III.), 
iroducing strains parallel to the external applied forces (or loads), the 
Igebraic expression of Hooke’s Law, Eq. (3), is the same for both. 

Thns \ being the 7'olal sUxiin or alteration of length /, it follows that 
^‘Strain-intensity” = X — i in each case, 1 
t. whether elongation or contraction, J 
tencefrom Eq. (3), P . 

* ^ ' Strnin*mtcnsitT X-J-/ 

= a constant for the material = “Modulus of Elasticity,” ^ (5). 

^ or ^ . 2 = E,, or Ee (as the case may be), j 


.(4). 


. c., according as is a tensile or compressive stress, provided it be within 
he elastic limit. 

644. Equation (5) furnishes the following remarkable physical inter- 
pretation of the meaning of Et and E<, viz., 

Et or Ec = if X = 2 (C). 

I. e., the Modulus of direct longitudinal elasticity (whether tensile or 
rompressirc), riz , Et or E,, is Iho slrcss-intenslty, f. c., p, or the number 
if pounds per square inch (see Art. 468,) of area under direct stress, which 
,rill produce a total strain, (elongation or contraction,) viz., X equal tn 
tmount to the original length (2) of Iho material (under the majinary 
liypolhesis that the limit of elasticity is not exceeded). 


AUhoegh ft strain X = 7, coold not be prodneeJ in any Jluilding iraterinl without 
ixcccding the elastic limit (beyond which Hooke’s Law fails), bo that the physical 
nterpretation of I, and He. ns girco, is quite imaginnry os Bpplied to Lailding Ifa- 
enals, still the iuterpretAtion is useful, if only ns fnrDishiag a cooccptioa of a physi* 
:al meaning to these co-cfllcieiits. 

It will be seen that E» and Ec ore quantities of the same order as p, 
i. not actual weights but only intensities of weight (viz., pounds per 
square inch). 

645. Tfifurs of Ei and E* approximately equal in Lnildlng Materials. 
It is a rcraarkaWe thing, ond attended with important consequences in 
Engineering, that most Emtdiog Materials arc so nearly “isotropic,” 
(Art. G40) for Stresses xcithin the elastic liinit, that the values of X, viz., the 
elongation or contraction jn I under stretching or crushing stress of the 
tame intensity p arc nearly equal, so that the values of I^ and Ec arc for 
most Lnildlng Materials approximately equal. This point should receive 
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careful altcntlon, as it will be founj pa siibsc<inenl Cbaplcrs) that the Ma- 
tlirmstienl treatment of “ Transverse Strain*’ and “Denoxion/* depends 
entirely on tlic assumption that E, = Kt. 

646. Jitiasrerse (E,).— Tlic ^lodulns E, of Transrerso 

(Shearing) Elasticity is not of mneb practical osc, still its consideration 
is necessary to complcto the subject, and to illustrate Uooke’s Larr. 

Ct’n«i(tcr the state of a $juare prism of the material with Shearing (TangcntialJ 
StTr«<cs apptieil to its four faces. | • 

As I'T ikGuition (Art tCS nntl t:t2), V 

p = Shearing Strc's-intensUy (in poonds persq in.) orcr Oie faces of the prism. 1 
»■ = Measure of cfjitor/i'en, i. e. Shearing Straia-inten'ity, ' 

Then lij E*j (3), provided the Strain or Stress be eondneil within the elastic limit, 

StrcM-intensitr p . . ^ , 

^ , -i— = t- s= a constant for the material, 

Slrain-iutcnsitj v 

C3 “ Mclnlos of Transverse Elasticity ” ss 
It is a rcmarVnhlc fact that the mcasarc (v) of the ituteriion of the prism is eqnnl 
to the ram of the intensities of strain prodnccil in the diagonals of the prism, thns 
If d s Ixngtli of diagonal of an nnstralned sqaare prism. 

I ss Total strain (elongation as contraction = tc) of its diagonals. 

Then V ss (:, + I,) ri- d, (8). 

647. Determination of the values of Et and E,.— There arc two me- 
thods of doing this— 

(1) . The “ direct " method, t.e., by experiments on direct tension and 
compression. 

(2) . The “indirect" method, ue., by c-xperiments on dejlexion under 
Tran^’Terse Load. 

(1). The direct” method . — ^This is theoretically by far the best me- 
thod, as DO hypotheses are necessary, and the toIucs of Et and Ee are at 

once deduced from the fuudamcntal c(iaation(5), viz., Et or Eg = y) . ^ by 

direct measnrement of X (the ctongatioo or contraction in 1) under the ac- 
tion of Direct Stretching or Cmshing Load of known intensity;?, the Load , 
being of course confined tctlhin the elastic limit, which is known by the | 
Talueofp . ^ remaining sensibly constant. 

In the experiments on contraction, care must bo taken that the “ Pil- 
lars" experimented on are of snch length as to be of the Class styled 
“Short Pillars" in the Chapter on Compression (Art. 507), as the only 
ones in which simple “direct" crushing takes place. Also, in the experi- 
ments on both extension and contraction, care must be taken that the Load 


}( 0 . 
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is ■unxfoi-mly distributed over tlio area of tlio cross section, so that the in- 
tensity of the Load may bo at once deduciblo as p = W -r- A (Load in 
pounds area of cross-section in inches), and tliat its action may be ann- 
pZy Direct Stretching or Direct Crashing (without the complication of 
any bending action (see Chapters XXIL and XXIII.), 

. Also it is advisable that the material experimented on should bo of uni-' 
' brm or gradually changing cross-section throughout its length, to avoid 
■ implication of unequal lateral strains. 

' “ If.B . — Similar prccantions are necessary in determining by experiment the moduli 
' f, and fe of tenacity and crushing. 

A pracfiCfiZ objection to the “direct” method is that the Load (W) 
required to produce any sensible strain X is very great indeed, and that 
within the clastic limit that quantity is in most Building Materials so 
small as to require great caro in its measurement. The great Loads 
required aro d^jJicuU of appheaUon especially in experiments on Contrac- 
tion in which, for reasons explained in Cliapter XXIII. (Art. 501) it 
is difBcult to avoid the complication of a Bending action. 

For these reasons the “ direct ” method is both inconvenient and espen- 
siro. 

(2). The indirect method. — It will be shown (in the Chapter on Deflec- 
tion) that the maximum deflection 5 in a Solid straight horizontal Scam 
of uniform rectangular section freely supported on two supports at the 
same level, and loaded with a weight (W) evenly spread across the team 
ViP 

at the middle of its length (Z) is 5 — 

Hence Et = (For Notation, see Arts. 542 and 4G1) •••(0), 

BO that Et can he determined by experimenta on Deflexion of Beams by 
measuring the maximum deflexion 3 produced by a known Load (W) in a 
^ given Beam such as abave, care being taken that the stress never exceeds 
the elastic limit. (Forthe discussion of the stresses in this Class of Expe- 
^ ment, see the Cliapter on Transverse Strain). 

The theoretical objection to this method is that the troth of Equation 
(9) depends on the assumption (see the Chapter on Transverse Strain) 
that Et = Ec. Tlic practical advantages of this method are very con- 
Biderable. Tiie experiment is comparatively easy and inexpensive : the 
weights required to produce an easily measurable deflexion are compara- 
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ively small. For these reasons manjof the experiments for determina- 
tion of Ft hare been confined to this method. 

548. IlodgkinsorCs Fonaulce. — Mr. Hodgkinson has given formula 
for the amount of elongation Xt, and contraction X« in the length anc 
also for the amount of tensile set at. and compressile set oc in the Bamt 
^ength I in both Cast-iron, and TVrought-iron, previously nnstrained, de- 
duced from his own cztensirc experiments.* 

(1) . Cast-iron— , 

= i I 00233C2S — ^/■00000574210~*00000000034J01Gj> J "j ^ 
Xe = t|-0123C3351) — -s/-000l628j3 — •00Cl000001U1212p j- ^(10) 
at = -0103 X +. -Ct X* 

at = -513 X* + -0013 J 

Mr. Hodgkinson records his opinion that when the compressive stress- 
intensity p >14 tons per sejuare inch, the contraction X« is irre(jular, and 
that when p < 2 tons per square inch, the contractions are insensible, eo 
that experiments for determining E« in Cast-iron should bo within these 
limits. These formal® arc remarkable, as being quite different in/orv\ 
from Equation (5) whence X s ^ . 1, and throwing therefore a doubt on the 
practical applicahility of Hooke’s Lawf to Cast-iron. A considerable differ- 
ence is also observable in the ralues of X. and Xt for the same Btress-inten- 
aity p, making it doubtful whether in Cast-iron E,, E« arc sufUciently 
nearly equal to permit disregarding the difference. 

These results do not appear to have received Bafficient attention in the 
profession, as Cast-iron stractures arc Btill designed as if Hooke's Law 
and the result E. = E« were BtricUy applicable. 

(2) . TFrowy/U-fron— 

*} pTcrj-Brr™*V-'*^t‘cnp<10tons periq Inch 

lIcKlgimson's ■ Xt = ‘00008 /. f»»cT> arpro^'X- *hea/>..12 ton»r«r»q inrh 
resnttSp* (Xc“'0001 i.p very aprtoxlj.irhcnp < 12ton3 p«r inch 

"When p > 12 tons or 12 X 2210 lbs. per square inch, rapid and Irre^ 
gnlar Btrclching takes place under tension, aud irregular bulging under 
pressure. 

•••r.fportof ca tht •rrUaUaa «r lt«a ta XUU»»y Etrsrtwr*, |«ft ti, 

109, ISJ.tS, «0, lOS. 

t OiMC(«r« Art. Ml. 

} Il4rt.y»'i ** ftmvfia cf EL IMl, r- llL 

TPU I.— THIRD EDITIOX. 3 C 


*» 

|<n). 
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These rcsnlts agree with Hoolre*s Law of Elasticity, and with Equation 
[5) X =: and it is also seen thatXt = Xe ixcarly, and therefore Et = E# 

learhjf so that there appears to be no objection to employing these two 
jnportant equations to Wrought-irou structures, 

549. Co-efQcient of defiexional elasticity.— It was shown on 
heoretical grounds by Peter Barlow’ that, in a Solid straight horizontal 
Beam of uniform rectangular section freely supported on two supports at 
^e same level, and loaded with a weight (W) evenly spread across 
ihc beam at the middle of its length the following quantity, is 
I constant quaniily for any one material provided certain limits of Load 
corresponding to the elastic limit) be not exceeded. This quantity ho terms 
* the Elasticity,” and proposes to uso it as a measxire of the Elasticity 
indcr Deflexion : he denotes it by E : in this Treatise it will be denoted by 
2j, tho subscript d being intended to indicate that it is derired from ex- 
icrimcnts on Deflexion. 

It is particularly to bo noticed that tbis quantity Ej docs not fulfil the 
Definition of tho term “ Modulus of Elasticity ” (given by Banlcino) as uaod 
n this Trcatlso, stc equation (3); it is (U/mtd solely by tho fundamental 
■quation, 

= Ej, a constant within certain limits of Load (12). 

It is, however, certainly a “ measure ” of Elasticity under Deflexion, and 
jas therefore been styled (Art. 042) in this Trentiso tbo “ Co-cDicicnt” 
)f “ Dcflcxional Elasticity.” 

B.arlow’s investigation of tho fandaracntal Equation (12) involves only 
ho assumption of Hooke's Law of Elasticity; its tnith was also cstab- 
isbed by himself hy experiment on Deflexion of Beams snch as above. 
It might be supposed therefore that Equations (5) and (12), = 

ViP 

lonstaiit, and = constant, although both arc algebraic expressions 
5f the same physical law, viz,, Hooke's Law of EKastlcily, yet being nlgc- 
oraic expressions of this Law under very difTerent applications, viz., Eq. 
(5) under Direct Stress, Eq. (12) under Transverse (Bonding) Load,lhcro 
would bo no necessary physical connection between them, much less any 
rimplo numeric.al relation between E, or Ec llio constants derived from 
Cqu.atioii (5), aud Ej the constant derived from Equation (12). 

* “ EtrcB;Ui of aiUcriUi.'* EJ. XUS. 
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Oq n^abing, liowcTcr, the additional assomption that Et = Ec (not r< 
qiiircd in Barlow’s investigation), equation (9), q. v., viz., Et = ’ 

dedneed. Comparing with equation (12) it follows that 

E, = 4 Et, (13 

BO that Ea is now seen to be a co-clficicnt not expressing nny difTcrer 
physical relations to Ei or E, (on the assumption that Et = E*), an 
dijfering from it by only a nvmtrical co-fjicttnt. ' 

650. Various tabulated Modifications of Ed.— Since the qnai^ 

tity has been shown to be constant, Eq. (12), within the elastic lir^ 

wr 

for any one material under certain conditions, it follows that'bx 
a constant quantity under the same conditions if h is simply a nnmericii 
co-efficient. 

Unfortunately experimenlallsts and compilers of tables hare choso 
dijierent numerical co-ejicients h In calculating the co-efficient of thei 
tables, BO that the quantity tabulated as the “ co-efficient of Dcflcrioi 
Elasticity ” (i*. e., Ej) difera in different tables according to the valu' 
chosen by the tabulator for i. In using any Tables of Ej, yreal care i 
requisite to ascertain the exact formula from which the Ej was calculated 
i, t., to determine the value of h. 

Tlio principal tabulated tnodificationa of Ed are given Iclow, togclhc; 
with their relation to the Ed employed in this Treatise, styled “the Root- 
kcc Ed," and also to Ei, and a list of Eomc of the works, including In- 
dian ones, in which they occur. As it is very undesirable to increase 
tbe number of these modifications (each modification being Bimply t 
Bourcc of embarassraont to the Engineer), and as the “ Roorkce Ej" is al- 
ready largely employed in India, it is rtrongly recommended to futnre 
tabulators of experiments on Indian materials to use only the “ Roorkee ” 
Ed, (even though they may bo of opinion that it is not the best form of co- 
efficient,) as uniformity of tables Eaves much work of compntation. 1 
Various tabulated modijlcathns of Ed. S 

(1). E. = = 1728 X Boorkee E. = 4 E, (12) tnd (13), 

“Essay on Stresgtb and Stress of Timber, " by 1*. Barlow, Snl Edition, 182C. 

“Tnati«c on Sfrcnsth of Timber, &C.,” by I* Barlow, New EJ-tion, lgl3. Art. Cl. 

“ Gleanings of Science,” Yob L, May and Ansust.fEaj'cnaecu by C«pt. IL C. 
Daici), Calcutta 1620. 
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On tiiaking, LowcTcr, the a«ldtlioiial assampliou that Et = E« (not re- 
quired in BarioVs inTCstigalion), equation (0), q. v., Tiz., Et =s is 

declncctl. Comparing with equation (12) it follows that 

Eai=4E.... (13). 

60 that Ed is now seen to he a co-cQictent not expressing any different 
physical relations to E, or Ee (on the assumption that Et =s E*), and. 
dijfering from it by only a nvmtricat ro-ejjictent. 

650. Various tabulated Modlllcatious of Ed.^Sinco tho qn^ 

• has been shown to be constant, Eq. (12), within the clastic litA^ 

WP V 

for any one material under certain conditions, it follows that'ix-^^jy 
a constant quantity under the same conditions if J: is simply a numerical 
co-efficient. 

Unfortunately cxperlmentaUsU and compilers of tables hare chosen 
dij/ier<nt numerical co-eJJicUnts h in calculating the co-efficient of their 
tables, so that the quantity tabulated as the co-efficient of Defiexion 
Elasticity ” (t. e., Ej) dijfcre in different tables according to the valuo 
chosen by tho tabulator for k. In using any Tables of £«, great cate is 
requisite to ascertain the exact formula from which the £« was calculated, 
t. e., to determino the value of k. 

Tho principal tabalaled modidcations of Ej are given below, together 
with their relation to tho Ed employed in this Treatise, styled “tho Roor- 
kce Ed," and also to Et, and a list of some of the works, including In- 
dian ones, in which they occur. As it is very undesirable to incrcaso 
the number of these modiScations (each modification being simply a 
source of embara'^smeut to the Engineer), and as the “ Roorkce Ed” is al- 
ready largely employed in India, it is strongly recommended to future 
tabulators of exporitnents on Indian materials to use only the “ Roorkce " / 
Ed, (even though they may be of opinion that it is not the best form of co- 
efficient,) as- uniformity of tables saves much work of computation. 

Van'me tabulated modificathns o/Ej. 

(1). Ed = = 1728 X Eoorlcc E, = 4 E, (12) and (13).( 

“ Essay on Strength and Stress of Timber,” by P. Barlow, 3rd Edition, 1820. 

“ Treatise on Strength of Timber, fie.,” by 1’ Barlow, Ne« lotion, 18t3, Art. Cl,\ 

” Gleanings of Science,” VoL I, May and Angnst.fExpeiiineDls by Capt. U. G 1 
Baker), Calcutta 1829. 
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icceptanco under the inflncnco of T. Trcdgold tlic great flnthorlty on Car- 
pentry and Iron-work: this practice is, however, obviously most nnsatrs- 
actory for the following reasons 

(a). Wind is usually oJserucrf to blow horUontally, and can hardly bo 
conccired as blowing tertieally downwards, 

(J). Wind being simply current air follows the laws of fluids in motion, 
i. e., of hydrodynamics ; its pressure (as ascertained by experi- 
I ment) on any given surface does not admit of being resolved in 

. j any chosen direction (vertically for instance) according to tho 

> simple laws of Statics of Kigid Bodies. 

(c.) Its pressure moreover (being a fluid) is normal to n surface pressed, 

' and not vertical as under Tredgold’s supposition. 

(d). Wind can hardly bo conceived as pressing on both sides of a roof 
at the same time. 

Now all tho four absurdities (a), (b), (c), (d), just noticed are involved 
n the application of Tredgold’s roetliod: the only possible advantage* 
jbtained by Tredgold’s mode of estimation of Wind-pressure as a “uni- 
formly distributed vertical pressure” is that the whole of the Loads over 
^ho Hoof, both Permanent and Accidental are thus assumed to be of one 
iharacter, viz., “uniform vortical pressures,” so that their intensities 
uay therefore be added thereby yielding in one sum tho Total Load-in- 
-ensity over the whole Hoof, so that tho Total or Kesnltant Stresses may 
thus be found by one operation. 

This certainly simplifies calculation, but the practice cannot be thereby 
Icfended if incorrect in fact. It might be supposed with reference to (d) 
that a Truss designed (as by Tredgold’s method) to stand a Wind-pressure 
pf the given maximum-intensity, on both sides at the saine time, errs on the 
dde of strength, i. e., of safety, but this is by no means the case, for it will 
ippear below, that a Load applied on one side only of Hoof has a totally 
lifferent straining effect on cerlain bars to the same Load applied to both 
Jdes at once. 

\This is sufficiently obvious from the following simple Example: — 
^Eoriaoiital pressures P applied to one tide only as A'V pig. 10. 

jf the triangular frame or truss A'VA' would produce y p 

Pressure in the bar A'V, and Tension in the bar A'V. ^ P 

Eqtxal opposite horizontal pressures applied over the bar ^***^ ,< — ^ 

\*V only would produce Tension in tho bar A'V, and . 

Pressure in the bar A'V equal m magnitade to the Pressure and Tension rcspcctiyc- 
y in the former case. 
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Tho wholo Bjstcm of pressnrcs applied eimitltaneoutlif would netaall/ balance each 
other ns far ns the bars A'V, A* V are concerned, and Icaro these bars unstrained,* 
whereas if the frame be liable to either system of pressnres separately, the bars A’^’’, 
A'V must be capable of snstaining hath Tendon and Pressure nUematcly. 

It appears (from obscreatioo) that the most Tiolcot mads that usnallj 
occur cxertf a 7<ortronfa2 pressure of 40 fbs. per sqnarc foot of a vertical 
surface, but in consequence of Wind being simply current air, its prcssui^ 
on any surface is essentially riormaf to the surface, and reduced in t' 
following ratio, derived fivm the experienents of Hutton— W 

fo' zz intensity of horieontat wind-pressuro in lbs. per square foot ofV^ 
t'erfi'caf surface. ^ 

about 40 lbs. as a maximnm (in England, and as far as records 
exist in India also}. 

10 a = intensity of wind-pressure on any snrfacc inclined at an angle s=s t 
to the wind’s direction, t. e., of elope i. 

•ssto.CsiaOO^*"**" (1). 

Note that the pressure u/ is a ktjdrodynamieal pressure, whereas the 
pressure w*u is cqairalent to a simple statical pressure, and admits there- 
fore of being resolred in any direction by the rufes of Statics (of rigid 
bodies), thus 

The horiiontal corapooent of et*'# cb »*, cos (00* — ») s re . (sin <) «' «• i % 
ThoTerticalcomponeatof «'□ = «-« sin (90*— J)=wcot^. (sm*)’**"'* / 

As the quantity ir'a and its horizontal and rcrtical components when 
■required in calcnlatiOn are difficult of reduction, the following Tabic is 
subjoined for reference, taking to' = 40. 
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cceptanco under the influence of T. ItedgoM the great authority on Car- 
•entry and Iron-n’ork: this practice is, however, obviously most unsalis- 
actory for the following reasons : — • 

(o). Wind is usually observed to blow horizontally, and can hardly bo 
conceived as blowing vertically downwards. 

(5). Wind being simply current air follows the laws of fluids in motion, 
i. e., of hydrodynamics j its pressure (as ascertained by experi- 
> ment) on any given surface does not admit of being resolved in 

any chosen direction (vertically for instance) according to the 
simple laws of Statics of Rigid Bodies. 
j(c.) Its pressure moreover (being a fluid) is normal to a surface pressed, 
and not vertical os under TTedgold*B supposition, 

(d). Wind can hardly bo conceived as pressing on both sides of a roof 
at the same time. 

Now all the four absurdities (a), (b), (c), (d), just noticed are involved 
a tho application of Tredgold’s method; the only possible advantogo- 
btained by Tredgold’s mode of estimation of Wind-pressure as a “uni- 
ormly distributed vertical pressure” is that the whole of the Loads over 
ho Hoof, both Permanent and Accidental are thus assumed to be of one 
haracter, “uniform vertical pressures,” so that their intensities 
nay therefore be added thereby yielding in one sum the Total Load-in- 
ensity over the whole Roof, so that the Total or Resultant Stresses may 
hu8 be found by one operation. 

This certainly simplifies calculation, but the practice cannot be thereby 
lefendcd if incorrect in fact. It might be supposed with reference to (d) 
hat a Truss designed (as by Tredgold’s method) to stand a Wind-pressure 
if the given maximum-intensity, on both sides at the same time, errs on tho 
idc of strength, i. e., of safety, but this is by no means the case, for it will 
ppcnr below, that n Load applied on one side only of Roof has a totally 
lifTercnt straining effect on certain bars to the same Load applied to both 
ides at once. 

'•.This is sufllcieatly obvious from the following simple Example;— 
Horizontal prepares P applied to one nde only os A'V piy, 20. 

>f the triangular frame or truss A'VA' would prodaco y p 

?rcssnre in the bar A*V, and Tension in the bar A*V. ' P_ 

Pqoal opposite horizontal pressures applied over the bar — - 

V*V only woolil proiluco Tension in tho bar A^V, and 

?rcssarc in the bar A'V c<iual in magnitndo to tho Tressure and Tension rcspcctirc* 
j in Uic former case. 
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Cir, C^M" the Qnecn-r»»ls, rcrlical, trisecting the Tie-rod in JI', JI", 
C'C* the Straining-bcnui, horizontal. 

JI'M" the Straining-sill, horizontal. 

B’M‘, B*’!!*’ the Struts, which with the Straining-beam C'C* trisect 
the llaftcrs in B', O’, and B", C", so that B'M', B'^il" are parallel to 
VA', YA", respectively. ' 

2i\D. See Ilemarks in Art. 5G4 as to use of open quadrilateral C'il' 
Xotalton, See Arts. 577 and 578. Tho Total or Bcsnltant Stresses/^ 
the several bars composing tho Frame arc denoted m general by tbe co]^, 
tal letters attached, and the partial Stresses dno to the partial Load 
the contiguous joint only) by the corresponding small letters. ' 


Kotc, that, «n the vreigUt of the Siraioi&g-beam C-C' should be irpara- 

telg estimated (as eomiag on tbe joints O', O'), bnt this weight alone i$ so small 
compared to nnavoidalile inrgtilarilie* in divtribntion of tho Load W (supposed unt- 
form over A'VA*, see Art. 577) that it does not seem worth while increasing tho 
complcslty of the inrestigation by iotrodacing teparate consideration of this. 


686. Step 1. Load on each joint— VndeT the hypotheses c.vplaioed 
(Art, 503), that cich Bar is rigid between joints, and perfectly free at tho 
joints, and as the segments of the rafters are all cqnal, the Load borne by 

each rafter-segment is ^ of the whole weight of rooGng, i. e. = also 


(Eq. 6, Art. 570), each rafter-joint bears J of tho Load on each contigu- 
ous rafter-segment together with any load directly supported : thus 


Load at Vis ^(Loadon YC'and> , 

VC") -h Direct Load w o/"** 

Load at C' or C", B' or B" is 1 _ j a. — ^ 

A (Load on two rafter-segments) / * *** C / 



Load at A' or A" is 1 X J? W 

(Load on A'B' or A" B") ) * c 13 

Load at II' or M" is w' 

Also since the Hoof is symmetrical and syramclrically loaded, the Ec- 
actions at the supports are each one-half of the Total Load, i. e., 


Be-actionat A' or A' = J CW + w + 2w^ = ^ ^ ^ -J- w* 
Also Bum of Loadat joints = + + S .^ + 2^= 

' -= CW -h w -b 2 w^) = Total Load, 
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id sncU a constractlon is very unfavorable to economy of material, .and’ alionld only 
5 n«ed for temporary strnctarcs vrhich from local necessities may liave to bo made of 
aseasoned wood nliea wood is plentiful, and good carpentry not obtainable.* 

584. Jiesults of Artx 582 coUccUd for reference. 


* =: S" . cosec I, (Thrust on Struts), (!)• 

C =: ^ + tv', (Tension of King-rod) 


I = T," ^ ^-Tv +V)coscct, (ThrustonEafter top-segments), (3). 

'j = cosect, (Thmston Rafter lowcrscgments), (4). 


l'= H* =a • cot *i (Tension of Tie-rod), (5). 

'crtlcal Pressure on each Wall s=s \ (W 4* w -h tv'), (C). 


Ex. 2; S>/mmetrical Queen-Post Truss under St/mmetric vertical Load, 


Fig. 15, 



>05. Dficriptjon.— A’V', A'V IhcHaflersof equal length AW =Ii=A'V, 
VA* the T»c-roil, horizontal j A' A*' the span 2c. 

• t.j; la UUl-c«ax«I^ in Xa Jlo. 
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C'Jt', C'M" tl»o Qtiecn-r«Kls, vertical, trisecting the Tie-rod in M', M''. 
C'C* tlic Strsining-beam, horizontal. 

Jl'M" the Straining-sill, horizontal. 

B'M', the Stmts, which with the Straining-beam C'C" trisect) 

the lUftersin B', C’, and B", C% aothat B'U.', B"!!" are parallel toj 
YA', VA", rcspcctirelr. /, 

X.D. See Bemarks in Art.SCl as tonscofopenqnndrilateral C'Sl' M^c/^ 


the several bars composing the Frame arc denoted in general by the coV 
tal letters attached, and the partial Stresses due to the partial Load 
the contiguous joint only) by the corresponding small letters. 

Note, that, in *<rie(nrif the weight of the Strai&ing'bcam OC' shonid be tepara- 1 
#f/y estimated (as corning orj the joints C*, C"), bnt this weight alone is so small \ 
eompared to nnaToldahle irrcgnUriiles In distribotJon of the Load W (supposed uni- | 
form OTcr A'VA*, tet Art. B77) that it does not seem worth while incrcasingthe t 
coaplcsity of the inTCStigation by istrodneing teparaie consldenUoa of this. I 

586. Step I. Load on eaeftyomf.— Under the hypotheses explained 
(Art. 563), that each Bar is rigid between joints, and perfectly free at tha 
joints, and os the segments of tho rafters arc all equal, the Load borne by 

each rafter-segment is ^ of the whole weight of roofing, t'. e. = also 

(Eq. 5, Art. 570), each rafter-joint bears | of the Load on each contigu- 
ons rafter-segment together with any load directly supported : thus 
Load at V is (Load on V C' and ^ _ 

VC"]) -1- Direct Load w 

Load at C' or C", B' or B*” is \ i j. W 

^ (Load on two rafter-segments) I * C/ C 

Load at A' or A" is ) L ^ ^ 

^CLoadonA'B'or A^B') C — 13 

Load at M' or 11" is w* 

Also since the Hoof is symmetrical and symmetrically loaded, the Re- 
lictions at the supports arc each one-half of the Total Load, ». e., 

1 — IL+JI . 


d> , 'v\ /w V 

j =i (t + t) + '^ = (t + '') 


Re-aclionat A' or A' = ^ CW -|- 
/W 


Also Bom of 


+ 2X7’) 

Load at joints = ^ ’ V 


s= (W + w + 2 wO = 


+ w* 

+ 2.E+2h'= 

Total Load, 
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Tension of tie-rod C'C* (of Truss C^VC'), 

h^ = T,' cos i = T|" cos I = ^^, + ^^cot I (U-i), 

tflZs£» produce a Tertical pressure on tbe joints C', C* of the lower Truss clearly 
lal to their Tertically resolved parts, t. e., 

/W ttn 

i^ertical pressure on C',C* (from load on V) = T, sin *sT," sint is ^•—. 4 . ~J 


W 

:). The total Load on the joints O', C* efihe loner Trust will therefore bc-jj (direct 

. / W\ 

d, see Step I.) + Q' or Q" (Tension of Quccn-tod) -j- -J- -j just shown 

be transferred from V through the rafters VC', VC* (in consequence of the vpptr 
ss C'VC" iein^ a separate and independent truss from the lower A'C'C''A‘'), 1 . e., 
Total Load on C',C“ (joints of lower truss A'C'C'A') 


■+(^ + -')+(w+t)=(t+t+-') 


K) this load may (precisely as in para. 4) be shown to produce Stresses along the 
liuing'bcam and rafters ns follows •— 

rust along Btraimug-beam (of Truss A'Ce* A*). Aj — ^ cot f, (11-ii) 

r \V w "1 

Cbmst along rafter C'B' or C''B’,v«, Tt’ or Tj' = + U +tv'J cosecf,(lS), 

V.5.— It should now be noticed that the results (12) and (13) obtained by this 
Ibod agree ezaethj uith those (12) and (13) obtained in paras. (5) and (C) ; also 
it the result (11) obtained in paia, (4) v. supra for the IlcsuUant Thrust (^a “ 
W ^ 

+ w'J cot i) along CC* if so framed as to be a piece of both trusses C'VC* 
1 A'C'C'A' is the CTccess of A, the Thrust along C'C* considered as straining-beam 
the Truss A'C‘C''A" over A„ the Tension along C'C* considered ai tio-rod of the 
053 C'VC' } for 8Cc Results (ll-ii) and (U-i) 


-K— + cot*— C0tlS=7(o,(ll). 

^ote — Tins accordance of the results (11), (12), (13) obtained in either manner has 
m detailed at length, as Students arc apt to confuse and mix the two methods.* 
the two suppositions, viz. • — 

;i). (As adopted in the text) that the bar C’C* Is go framed as to act both as 
straining-beam of tbe lower truss A'O'C'A*, and as tie-rod of the small 
truss CVC', 

[2). (As adopted in the small-typo note) that the truss A'C'C*A* has a straining- 
beam C'C*, and that the small truss C'VC* has a separate tic-rod C'C* (not 
shown in the figure), being thus an independent truss simply placed on 
the lower, 

carefully home in mind throughout, no dificolty should arise. 

The Stndent is recommended to compare the result obtained by the Polygonal 
thod ”, Ex. 10 of method ii. 


• ThU DiJrtsVo wi« mule In prcvlens c>lUions botti of the ** EootVms TrentUo on Civil Eneluccr- 

In India, " and Thoiniuon O. E. College Slanaal, Ko« ICl., on “ Carpentry, 
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(5). joint V. — Tlic Load + w ) at Vis supported by the two 

resistances T,', T,' of the bars VC?, VC*, which resistances are clearly 
both thnisls, becausQ the Load compresses both bars, and are, moreover, 
eqvat, becansc the bars arc equally inclined to the Load ; also the som of 
their vertically resolved parts is wlearly eqnal to the Load which they 
pnpport, thus j. 

(Tj'.costVA' + T,*. cos vYA*)=2T/cosrVA'=s2T/6m j='^ + v/ 

t/ = T ' = (i’ + -f) coscc I 

(C). Total Slrtsses afonj middle awl loictr rafter-segments.~—'X^ 
Thrusts T,', T," along VC', VC" are clearly transmitted vnaltered down 
the whole length of the rafter segments C'A’ and C"A*’, respectively; 
also the thrusts t,', t»", tee Eq. (10) along the rnfter-Bcgments C'B', C"JJ" 
are transmitted unaltered down B'A', B*A" respectively; thus the whole 
thrusts down middle and lower rafter>Eegme&ts become 

T,' = T," = + T,' = +w*) cosec i + (p + —) cosec i ss 

("T + + ''■*) ' 

T,' « T," = + // + Tj' s= -p coscc * + (•^ + w' ^ cosec i + 

( iT t) + •y + ^') cosec i (14). 

(7). (Stress on Tie-Rod A' A". — ^These last total thrusts T/, T," down 
the rafter-segments, B'A', B^A" produce a horizontal fmsi'fe Stress H', H" 
on the Tie-rod segments A'M', A"M", and a vertical pressure on the walls 
at A', A". The horizontal pulls H', H* are clearly equal to the horizon- 
tally resolved parts of the thrusts T,', T/ respectively, thus 
H' = T,’ . cos i, II" = T,'. cos I. 

H' = H* = + w'J .cot I, from (14) (15). 

^ Xhis equality of the horuoDtal stresses H'.H' oq the tie-rod segments might 

hare been foreseen, as it is clearly to the equilibrium of the whole tie-rod : 

thos there is a tension thronghont the whole tie-rod. 

ir = n = n- = (?i' + .J + w) . coti, (is). 

This equality affords a chcch on the investigation. 

VOL. I.— Tllino EPITIOS. 4 A 
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(8). Ji<suUnnt Stress olong middle oj tie-rod H'JI". — It h.is just tccn 
cxpldinetl that thcro is a 11 = ^ + tt'J . cot /, throiigh- 

5nt tho tlo-ro(l, and there was shown to ho n Thnist 7* =s .p cot i, {see 
Dj. (8), along Iho strainiog-Bill M'M" (doe to tho struts abutting at its 
pnds). If, howoror, the feet of the stmts abut in the tie-rod itself, so that 
‘ho portion receives tho thnist of tho stmts, (tho straining sill being 
2 i this casQ dispensed with, as a separate piece,) then that portion M'M' 
relieved of a part of its tension H by tho Thmst h from the struts, so 
,iat i« this case, 

Ilcsullant tension along middle of tic-rod = II — 7i =s 


= f- 


rvf , xf , .-N 


. cot i 


.( 10 . 


Itr this manner of framing, tl>e Kc^ottant stress nloHg M’M' Is /«» than 
when n separate strainlng-sill is use<l, so that a tighter teantUng msj’ be used for this 
portion of tlie tie.n*<l and tho ohotc truss U Iighteocd b/ the absence of the stnining- 
sill. TliU Is n mntler of some importaoeo tn large trutfet (especially in Iron.flork): 
In srooden tmsjci the tie-fods are •« praefiee mndo of mnch larger scantling than 
aetnally rcqaif^l to rcslrt the actual Tensions, so that it Is of little Importance in 
Troodtrork. 

(0.) Vertical Pressure on the IVaUs.—Hxo Tlirusls T*', T," down tho 
rafter-segments B'A', B'A' produce a mlical pressure on the walls at 
A', A* clearly equal to their vertically resolved parts, i. e. = T/. sin i* 

=z= T/.sm I = ^ -i- sv ^ from (14). These together with 

shown in Step I. to bo Lome directly vt A', A" make up a 

Tolnl Vcrticnl Lona nl A', A" = (S + ^+11^)+^ 


4 . w» 


+ w* 


■= Be-action at A' or A" (see Step I.) (17). 

an fqnalllr which is cle.arly necessary (Art, 571). This lost step affords 
a raloaWe check (irhich thovUl never he neglected) on the investigation. 

088. fJrisTfls rn frmi Q^ffn-nht, Tie-retf.—Tlie same remarks as rn the terms 
Kl’ Tie-rc-l us Irr the King-is*-t (ni'j, apjlr to this ra*e (changing the words 
lurg inil Qoren) 

C89. Kfulta of Art. 557 collected for reference. 

S' = S* = " coseci, (TlinJst on struts), (7). 
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/» = p- cot (Thrust on Straining-sill), (?' 

Q' = Q' = -jj + w', (Tension of Qnccn-roJs), (9 


h» = col i, tRcsiillanlTlirustouBtroaa 

ing-heam), 

T,' = T," = ( I, (Thrnat on Rafter top- 

. Bcgraents), 

T*' = T/ = + -^ + w' J coscc I, (Tlinist on Rafter 

raid-segments), 

T/ = T/ = "f* "^ + w' ^ cosec i, (Thrust on Raf- 
ter loTTcr segments), 

H = H' = H' = + "' ) «>‘ I'l (Tension of ITnln 

Tie-rod), 

II — A s + -^ + cot i, (Rosnllant tension of 

Middle o( main Tic-rod) 

"VetlUei pcssuw Qti each. Tsa\l = -V tj’ 

Metuod il, or “Pols-oonal” MEinoD. 

690. Polygon of Porces.— This method depends on the continna 
application of the theorem of the “ Polygon of Forces" which, as reqaire 
for this Method, may be thus staled : — 

1 ®. “ If a system of forces is in cqnilibriom, the sot of lines drate- 
in suecessjon to represent tho forces (i. e., proportional to their magni 
tudes, and parallel to their directions) will form a closed polygon”. 

2®. Conversely. " If a system of forces is in equilibrium, and a close* 
polygon be formed by drawing a set of lines in succession to represent («■.«. 
parallel to the directions of and proportional to the magnitudes oQ al 
lut two of the forces, and two additional lines (to close the polygon 
parallel to the rcraaintug two forces, Ibca <A«e two closing lines will re- 
jiresent the two remaining forces (». e., in magnitude as well as in direction)” 
is particularly to be noticed that tho last theorem (2*) i 
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not true for more than two forces omitted, inasmuch as many snch 
polygons could be dra'wn (as will be easily seen by actual trial), so that 
the construction of the polygon would be indeterminate. This corresponds 
with the statement in Art. 57C, that the Problem of finding more than two 
unlmown stresses at any one joint is indeterminate. 

691. rramC'diagram,— Stress-diagram — This Theorem is thus 
applied : It will be remembered (see Art. 574) that the method is essenti- 
itlly a graphic one. In the first place a skeleton diagram of the Truss 
I I'ould be drawn to scale; this is called the “Frame-diagram". The 
jTjurc (reciprocal to the Frame-diagram), whose construction is about to 
be explained, will represent the system of external Loads and of Stresses 
in tbe bars* of the Truss: this is called the “ Strcss-di.agram The con- 
Btmetion of the Stress-diagram consists of two steps corresponding to the 
two steps previously detailed, Art. 565. 

Step I.— Construction of “ Polygon of Loads ’’ representing tlic “EquI- 
Talent Loads at the Joints *’ of Step I. (Axis. 566 to 572, and 592). 
Step II. — Resolution of Loads at the joints by construction of closed 
Tolggons of Loads and Stresses representing the whole system of 
forces In equilibrium at cadi joint in sncccssion. (Arts. 575, 674, 
and 598). 

692. Step T. Polygon of Loads.— Tbe system of external forces, 
and thereforo tlio Equivalent Loads at the joints ns found in Step I., Art. 
566 to 570, q. i»., together with tbe Rc-actions of the Supports form a sys- 
tem in cquilibrinm, and can therefore be represented (Art. 690, Prop. 1°) 
by a set of lines forming a closed polygon. 

Tlie first step, tlien, is to draw o closed polygon representing on any 
scale the system of external forces, (». e., a set of lines drawn in succession 
parallel to their directions and proportional to their magnitudes). This 
diagram is called the “Polygon of Loads". 

27J}.—la actual application to Roof Trusses, the external forces arc 
(see Art. 5G7) commonly a system of “ parallel forces." viz., cither a sys- 
tom of Vertical Loads, being the weights of the various portions of the 
Structure, or a system of Pressures (due to Wind, ns previously explained) 
normal to the rafters, together tcith Iho vertical or normal Rc-actions, res- 
pectively. TIjc “ P6]ygon of Loads " corresponding to a system oL 
“Parallel Forces" is clearly simply a pair of overlapping straight lines, 
which in this case may be called the “ Load Lino". 
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This vrlll bo repeatedly exemplified in the examples which follow : the 
Slodent is Tccommcndcd to refer at once to Step I. of any of these exam* 
pics to illustrate the method of drawing the “ Polygon of Loads 

To indicate distinctly to the lye that the pair of orcrlapping lines which 
constitute the “Polygon of Loads” for the ordinary ease of Loads ami 
Pe-nclions ell rerlic.d, or all normal (to the roofing), arc really in the limit 
a “closed polygon”, it will bo conrenient in the diagram to separate tli^ 
Ile-actions from Iho Loads ao that the whole system of Load! 

and Re-actions may form a closed polygon obviom to the eye (thongh J 
must be distinctly remembered that the Loads and Rc*netions__aro rcafl 
parallel), see any Example foUoaing. 

693. Step IL Resolution of Loads at the joints,— Tlic second 
Theorem (Art. 500, 2®) of the “ Polygon of Forces " is tlms applied : — 
A closed polygon is to he drawn upon the “ Polygon of Zoaffj” for each 
joint in succession (commencing from both abutments) representing t)io 
whole system of forces (inclnding both external Load, Rc-actlons at Sup- 
ports, and Stresses in the Bars of the Tmss) in ccjuilibrium at that joint, 
aecording to the second Tlicorcm (Art. 500, 2®) of the “ Polygon of 
Forces”). 

It will be found that the polygon drawn for each joint aids in the con* 
strnction of the polygon for the following joint, and that the final Stress- 
diagram consists of the originally drawn “ Polygon of Loads”, and of s 
network of lines drawn in succession npon a legular principle, representing 
upon the same scale as chosen for the “ Polygon of Loads”, the Tola 
or Rcsnltant Stresses required ; and that although the finished Stress’ 
diagram for complicated Roof-Truss may appear a somewhat inlrlcati 
network of lines, still the principle of construction is remarkably simpl. 
and easy of application when once thoroughly understood. 

Tlie character of the Stress on each Bar, (/. e., whether Tensile or Com 
pressive,) is indicated in the Simplest manner, tIz., by the dtreclion in whicl 
the pencil travels in the net of drawing the lines representing tho Force 
taken in order at each joint. Moreover, trigonometrical formula! for Ih 
Stresses are easily deduced from tho Stress-diagram (even if not draw 
to scale). 

All this will he better understood from study of the examples whic 
follow, to which tho Student is recommended to refer at once, than fror 
- any genera! explanation. 
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694. Check on tho investigation.— Ooo of the iKlvonta^cs of 
tbo Stress-diagram is Hint it necessarily contains an excellent check on U$ 
oicn accurac!/ (if dr.iwn to scale). The chcclc consists of two parts ; — 

St. The “ closed polygon ” for the last point hut one should in gene- 
close in such a manner that some of its lines should close on prerious- 
i.xed points. 

ml. When the “ closed polygons ** hare been drawn for all the points 
one, it will he found that tho ** closed Polygon " for the last point is * 
I complete. 

f both these conditions are not satisfied, this indicates cither (1) that 
ilibrium (under the prelimlnaiy hypothesis) is impossible* under tho 
dcular loading ; or (2), that the inrcsligaliou is incorrect ; or (3), that 
diagram is inaccurately drawn, 
f both these conditions are satisfied, this indicates 

1) . That equilibrium is possible. 

2) . That tho investigation is correct. 

3) . Tliat tho drawing is accurate. 

95. Stress'diagrams for Vertical Load and Normal Load,— As 
lady indicated in Art. 567, tho Loads on Hoofs naturally dirido them- 
res into tioo sets. — (1), tho Vertical Load, and (2), the Normal Load; 

I it is not convenient to apply tho method to both at once. Hence tivo 
dnet Stress-diagrams must be drawn, one for each system of Load. In 
.sequence of the vertical Load being usually symmctricallf/ distributed 
r tho Roof, and the Normal Load distributed ovef one side onli/, tho 
ess-diagram for Vertical Load will usually be found much easier of 
icution in consequence of its symmetry, than that for Normal Load, 

Ich frequently assumes strange and unexpected shapes. A glance at 
! Stress-diagrams which follow will at once show this. Nevertheless, 

! principle of construction of each is precisely the same. 

Moreover, in unsymmetrical Roofs the Stresses duo to "Wind blowing 
m right or left will be dijferent, so that separate Stress-diagrams will 
required. 

In symmetrical Roofs, one Stress-diagram will suffice as the Stress on 
,rs similarly situate with respect to the Wnds can be inferred to be alike. 
596. Total Working Stress (see Art. 456). — The fundamental 

• AgoodlBstauccot thi3T>Ull)OECcaintlic Constructloaot the Stress-dla^am tor ZTormU Load 
oIEs.10. 
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principle of " Design” is that every portion of a Stnicturc mast be able 
to bear the greatest Stress to rrliicli it can be cxposeil, and must also bo 
able to bear at all times the ‘ Permanent Stresses 

Now the Accidental Load being doe to Wind which blows from, only one 
quarter at a time produces effects, t. Stresses, differing generally in 
Magnitude, and sometimes even in Character (as to Tension or Thrust) 
according as it blows from either side, and therefore sometimes different - 
in character to the Permanent Stresses. / i 

Hence the folloTxing important result The WoBKiKa Stress on 
bar must be considered as the ‘Permanent Stress’ together with either, J 
that * Accidental Stress ’ which is of the same character, or the greater 
of tho two ‘Accidental Stresses* when both are of the same character 
with it ; or, lastly, simply as the ‘ Permanent Stress’ when both ‘ Accidcn> 
tal Stresses' are of opposite character to the ‘ Permanent Stress’. 

In certain exceptional cases of very tight Roofs in which, therefore, tho 
Permanent and Accidental Loads are more nearly equal, it may happen 4 
that tlic Resultant Stress on certain bars, i e., the “ Difference between 
tho Permanent Stress and the greater of the two Accidental Stresses ” is of 
opposite character to the Permanent Stress. In (hisc.'tce these Pars must 
of coarse bo designed to bear Working Stresses of both characters, (Tension 
and Thrust) ono of which is eqoal to the Permanent Stress, and the other 
to the Resultant Stress just indicated. 

Instances of like nature, in n bich certain parts of a Structure bare to be desired 
to bear a Stress sometimes Tensile, sometimes Crushing, occur fre<iQentIy in Large 
Girders, in which, as will be explained hereafter, the Braces near the middle of the 
Girder arc sometimes in Tension, sometimes in Compression, according to the position 
of the Ilolling or Lire Load, the Lire Load in this case of a Boof being of course the 
Wind itself. 


Exauples of METnoD ii. 

697. As it is wished to make this Treatise available as a work of 
reference (as well as a mere Text-book for Etudents) the Stress-diagrams 
for a great many of the ordinary forms of Roof Trusecs Lave been drawn 
to scale, and nro hero inserted with sufficient descriptive letter-press to 
make them intelligible, and with the General Formulm in each ease. 

For the sake of the Student the method of constructing the Stress dia- 
grams has in a few cases (Ex. 1, 2, 5, 10) been very fully explained, and in 
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the remaiudcr the outlioe only of the Steps necessary is indicated. Tlio 
Student is recommended to thoroughly master the method explained in 
Ex. 1 and 2, and then endeavor to constract the remainder himself, using 
the printed Sh css-diagrams only as a guide. 

Sj)ans.— The Span figured on each Frame-diagram may bo taken as 
jeing about that for U'luch that Truss is suited. 

Timber and Iron. — Fiffs. 16, 19, 25 arc examples of Trusses snitahle for 
Timber, and Figs. 18 to 2-t for Iron. 

Direct Stresses.— The External Loads arc in these examples supposed 
applied to the Principal Rafters by 'Purlins nt eac/i joint only, so that 
the Principal Rafters arc not subject to Transverse Strain {see Art. 5G0), 
md the Problem is limited to that of finding the Direct Stresses (sec 
Art. 562 (1)). 

General Notalion.-^Sce Arts. 577, 578. 

Inten'aU of Trusses, Loads, Seales, Sfopes.— For faeilitg of compari~ 
son the Slopes of Rafters (i). Interval belicetn Trtisses (B), Intensity of 
Loading (tv and tv'), and Scales, bavc been taken the same in all the ex- 
amples of this method, as follorrs 

/nch'iiation of rafters, j=’tan“* | = about 8C® 52', being such that the 
“ Rise ” of the Roof (I), the Setm-span (c), and the Rafter (L) form the 
well known right-angled triangle whoso Bides arc : c ; L = 3 : -i : o, 
BO that the dimensions of the roof arc easily calculated in round numbers. 

Hence cot i = ^, cosec »= 5 , Bcci=5 J, cot 2 i=:-^,cobcc 2»=§-5- 

Also L = -I X Span (in feet). 

Jninral leticeen Tivssses, B = 10 feet, throughout. 

Fcrti'cal Loaddntensity (w), a unifonnly-distributcd Load all over the 
roof of 

40 lbs. per BCjuaro foot, weight of roofing, 

Tilbs. ,, ,, rafters, purlins, drc., 

5 lbs. „ „ absorbed rain, &c.. 

Load at vertex of truss (w) carried by ridge pole s= 500 lbs. 

Load at tie-rod joints (w*) 3= 1000 lbs. 

irinii-pressurc (see Art. 566) as 40 lbs. per square foot of a vertical 
surface, equivalent to tc = 80 lbs, per square foot (see Table at end of 
Art. 5CG) nonnal to roof of slope i = 36° 52', 

Hence "W = 50 x 10' X 2L = 1000 x L pounds 7 Eq. (12) of 

^V‘=00 X 10’ X L= 300 x L pounds j Art. 078. 


1 to ~ GO lbs. 
I per square foot. 
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I Eg. (18) of 
' Art. 68. 




Vertical Ee-actionsm;^ni77ir^rica//y/<«irfr<f roofs arc caclii Eg. (1C) of 

= I Load, Art. 578. 

Kormal Itc.actions ia ttraijht-rajured symmetric roofs are i 
R' = W' (I - i iec> 0 = if • 

R' = W».iiec** 

Scales. — Framc>diagrams are on scale of 20 feet to an ineb. 
tijtress'diagrams (for Vertical Load) are on Scale of 8,000 lbs. to an inch. 
Stresi’diegrams (for ^'o^nal Load) are on Scale of 4,000 lbs. to an Inch.., 
ThaSj’yhr t^ese/iflrti'cufar numertcaf values of ic, w', w, xv*, i, all the 
Stresses may be immediately taken off the StresS'diagrams by measurement 
from the scale. 

A'.II.— In eoQSegnence of the Vtrtlca] and Normal Loads being so different (W = 
S) it rras Impossible to draw both on one scale so as to be distinct and also C 0 Q« 
fined to the limits of tbe page. Hence !n comparing tbe Stresses dae to Vertical and 
Normal Loads in these Stress^disgrams, e.g., in adding the two Stresses on any Bar 
(as in Art 39C), regard most be bad to the difference of scale. 

General For purposes of general reference, the trigonome- 

trical formaliQ (irhen not very complicated) are also given, in a general 
form appUcabte to Roofs of any slope : they trill be found to bo reacfiVy 
dedaeiblo from tho Stress-diagrams. 

Diayrams.>-Tn-o Diagrams are necessary for each distribution of Load, 
tIz., a Frame-diagram for Step L, and a Stress-diagram for Step II., thus 
four Diagrams are required for symmetrical Roofs, and sis Diagrams for 
unsymmctrical Roofs, viz. (see Art. 595). 

For Vertical Load, one Frame- ‘and one Stress-diagram. 


For Normal Load on I r, t- • j o. j* 

Ssmvulncal Kooft, f One.Fram.- -wd oue Strcss-d..gr.m. 

For Normal Load on ) One Frame- ‘and one Stress-diagram 
Unsymmelrical Roofs, J for Wind on ei’tAer side. 

The set of Diagrams for one Roof all bear the same distinguisbing num- 
ber with the addition of the letters (a), (4), (c), (</), &c., to distingnish 
the kind of Diagram (i. e , Frame-diagram or Stress-diagram, under Ver- 
tical or Normal Load). 

Magnitudes of the Stresses.— These can be calculated from the general 
formnlffi given, or obtained at once by^neasurement from tbe S tress-diagrams 
— (a special diagram is of course necessary for the particular Roof and 
particular Loading proposed in any case) — icilh guile evjficient a:curacy 


s • After a little practice, o*< Frame^iaaram caa be made to xnc for alt tbe cases. 

VOL. 1.— THian Eomoy. 4 u 
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Jor ^radical purposts. Calculation from the formula is of course more 
exact, but this exactness is, in consequence of the uncertainty of many, 
of the data, quite unneGes 6 ai 7 : tho magnitudes of the Stresses are really 
required only in round numbers in practice. 

It has not been thought necessary to glre tho numerical values of the 
Stresses in tho Examples, except as an illustration of tho method of com- 
bining tho two Stresses (Art. 69G) on each Bar, (viz., 1°, That duo to 
Vertical Load; 2°, That due to 'Wind-pressuro on titUr side), so as to 
obtain tho Total “Working Stresses”. 

This has been done only in Ex. 1 and 8. 

Example 1. 

Dwcrtpfion.— -A simple symmetrical triangular Truss of 1C' span. 

Condittona and Notation (ito Mts. 577, 578, 597).— W — 10,000 fts., 
W' s=: 8,000 lbs. 

Cenitrvetion for Vertical Load. 

Frame'diagram, 1C (a). Strasi'diagraa, Tig, 16 (6). 



Step I. Equivalent Loads at the joints (Arts. 566 to 570, 578). 

These are clearly at V, and ^ at A', and A". 

Ee-actions of supports (Art, 571^.' — ^Tfaese are clearly ^ at A' and A". 
Polygon of Loads (Art. 592).- — On any vertical line, as a* a', (vertical 
because the Loads are vertical,) take a'a' = W, tho Tvhole Load. 

On a’'a' set off dotvnwards ffb" =s= h^b' = b'a' = represent- 
ing tho Vertical Loads at the joints A^, V, A‘ ; a"o' is called the Load 

LINE.' 

On a'a" set off upwards a'm = ma" = representing the lie- 
actions at A', A", respectively, 
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Then a"b’h'a'ml'' is a c/osed polygon representing all the external vor- 
tical forces, which are therefore in ejuilibrium (Art. 590, 1°) ; this is called 
the “ Polygon Of Loads." 

A1B. — The ne-actfona o'ui, ma* have been slightly ijflayed from the “Load Lino ” 
a*a' (as explained in Art C92) simply to indicate clearly to the eye that the really 
oterlappxog lines a'i'i'a', a'ma* arc merely the liotie of a rolygon. 

SiEr. II. Resolution o/Zoads at the joints (Art. 593).— Draw the “po- 
lygon of forces” in equilibriom (Art. 590, 2*) for each joint in succession. 

Joint A'.— The forces arc the Load l‘a‘, Re-action = o'm,* 

and two Stresses H, T, whose directions only are known (parallel to 
A'A", VA'). 

Draw vih parallel to A' A", i. e., horizontal. 

Draw hh' parallel to VA' throagh the point h'. 

It follows (from Art. 590, 2*) that h'amhV is the closed polygon re- 
presenting the forces in equilibrio at llie joint A'. 

mh represents H, and being drawn from m indicates Tension at A'. 
hh' represents T', and being drawn (otcards h' indicates Thmst on A', 

Joint A'.— In a precisely similar manner, it will bo found that ma‘b*hm 
is the closed polygon representing tho forces in cqcilibrio at A*, thns 

mo* represent ^ the De-action, represents the Load 
* h^h represents T'', indicating Thmst on A". 

hm represents II, indicating Tension at A*. 

Joint Y.— It will now bo seen that tho “ Polygon of Forces " for V is 
already complete. The forces arc ^ the Load, and Stresses T, I': 

Bnt yb' represents ^ the Load, 
h'h represents T, indicating Thrust on V, 
hy represents T', indicating Tlimst on V. 

Thus yVhy is tho closed Polygon of Forces in equilibrium at V. 

Chech on the inrestiyafion.— The closmj of the lines drawn for the joint 
A** on those preriously drawn for tho joint A' end the Polrgca for the 
joint V having been completed in (Heart of drawing those for A', A'eca- 
slitutcs the perfect check alluded to in Art. 594. 

Magnitudes efthe Stresses . — If the Stress-diagnm I'e d.-awn to 
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scale, then lil', J", hn represent T, T^', H, respectively, on that scale, thus 
T = 416GiIbs. = T', H = 3333^ fts. 

GerJcrnZ Formitlcs . — Trigonometrical formulas are easily derircil from 
tho Stress diagram, thus : — 

T' = hh' z=mh' coscctjl W . 

cosec*,) “ 4 cosec*, (TAmf). 

H = 7im s= mh' cot i, “"T *' 

On calculating these *iujner*ca?/y for any particular loading they Trill of 
course be found exactly the same as the valaes obtained by measurement 
from the scale. 

Character oj Stress (Art. 593). — Observe that the direction in rrhich 
the lines representing the Stresses are dra*vn indicates the charcietei' (as 
Tension or Thrust) of the Stress, and that the Theorem (Art. 690) of the 
polygon of forces requires that the sides of the polygon be taken «n order. 

Thus i'amh9, tna*b"hm, h“h'hb" are ibe polygons for the joints A', A*, 
V, respectively, so that 

H is represented by inh,.hm at the joints A', A', respectively. 

T' „ hb\ Vh „ A’, V „ 

„ h%hl>- „ A',V 
CoMtntclion for Normal Load. 
rrame^diagram, I^g. 1C (c). Stress-dingram, rig, 1C {i). 



Step I. Eqxih-alent Loads at the Joints (Arts. 5CC to 570, 578). — 
These are clearly ^ at V and ^ at A* (tho Wind being supposed blow- 
ing from the n^it, i. e., on Rafter YA% 

J?e-acfiofH of supports. (Arts. 571, 578). — ^Tlieso nro 
H’ = -^ TV' »l A'j R' = ^ TV' nt A". 

Polygon of Loads (Art. 592).-— On any lino as parallel to tho 
Wind's direction (Y/2), and therefore perpendicular to the Rafter TA', 
take n'o* s W', the whole Load. 



smr^sES ROOF tucsses. 


657 


On a^a' Ect off iloiniicards a'm s=s pja' := ^ representing tlie 
Loads at tlio joints V, A'; a^a'is called tLe Load line. 

On a'a" ect off vpicards, az = R', i<x"x:s. R' representing the Redac- 
tions at A', A*’, respectirclj. 

Then a'ma'ra" is a closed Polygon representing alt the external 
forces irbich are therefore in equilibrium (Art. 590, 1®) ; this is called the 
“ Polygon of Loads," 

XJi . — Tlio Rc-actions a'z, za" hare been slightly splayed from the 
“ Load-line " a"a* for the reason explained at end of Art, 692. 

Step II. Itesolulion of Loads at the yom/s(Art. 593). — Draw the 
“Polygon of Forces” in eqnilthriain (Art 590, 2°) for each joint i;» 
#uce«rwn. 

Joint A'.— "The forces are the Load ^ z: ma\ Re-action R' rz o'r, and 
two Stresses H, T' whose rffreefions only arc known (parallel to A'A', VA'). 

Draw zh parallel to A'A*, i. e., horizontal. 

Draw mz parallel to VA', i. e., x* to 

It follows (from Art. 590, 2®) that tna’rhw Is the closed polygon re- 
presenting the forces in eqaiUbrinoi at the joint A'. 

.% zh represents H, and being drawn from z indicates Tension at A'. 

hm represents T', and being drawn foirords m indicates Thmst on A'. 

Joint A".— The forces are the Stress H, and Re-action R* = zo*, and 
the Stress T* whose direction only is known (parallel to VA*). 

Draw o'A parallel to VA* ; if the inrestigation be correct so far, this 
shonld pass throngh the point h. 

It follows (from Art. 590, 2°) that hza*h is the closed polygon repre- 
Eenting the forces in eqnilihrinm at tfaejomt A*. 

a*A represents T*, and being drawn towards h indicates Thmst on A*. 

Joint V.— It will now be seen that the " Polygon of Forces ” for V ly 
already complete. The forces arc ^ the Load represented by o'ln. 

T' the Stress in A'V, represented by mb, indicating Thmst on V. 

T* the Stress in A'V, represented by ha", indicating Thmst on V. 

Thus o'mAa' is the closed Polygon of Forces in eqaillbrinm at V. 

CheeJk on tAe i‘nmfii 7 ation. — ^The same remarks apply as to the Stress- 
diagram for Vertical Load, q r. 

il/aynitud«o/tAe Stresses . — If the Stress-diagram he properly drawn to 
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gcale, then ha!', represent T", H, respeciirelj', on that scale, 
thus T' = 437^ lbs., T' :== 1562| lbs., H = 546J lbs. 

General Formulce arc easily derired from the Stress-diagram, thus 

T' = = m , cot mhz = ^R' _ ~ ^ .cot t, {Thimst). 

T s= fta" = o''»i cosec a^hm = cosec 2 f = ^’seci cosec(,(2’7n;5(). 

H = Ai = ms . cosec mhz = ^ R» — ) cosec i, { Tension ). 

On calculating these ninnmca% for any particular loading, they will of 
course be found exactly the same as the values obtained by measurement 
from the scale. 

i7'.5.~-The6e Stresses are those due to a Wind blowing from the right 
only. In consequence of the symmetry of the Roof it can he at once in- 
ferred that for a Wind blowing from the left H is unchanged, and T', T*' 
t'ntercAanjfl magnitudes. 

Total TTbrlm^ Stresses, 

These are easily found by the principles laid down in Art. 596, but they 
are better exhibited ■mmerically than in formula}. Thus combining the 
Stress due to the permanent (Vertical) Load, and the Greatest of the 
stresses, due to the accidental (Normal) Load, i. the Wind on either 
side, we obtain (for the particular values of tt>, if', t assigned). 


1 
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Total 

Working 

1 Stress in 
poanda. 

1 

BAS, 1 

1 

1 

Dae to 

1 TertlcoJ 
Load. 

Oreatest , 
' das to 
Wind. 

[ Character. 

Hafter.VA'or VA', . • 

|t' orT* 

1 4I66J 

1602] 

6729^ 

1 Thrust. 

trie-rod, A'A', . . . . 

1.J 

S333i 1 

64G| 

SSSOjj^ 1 

Tension. 


Proof ical PemarA. — Note that the equilibrium is complete, and that the 
Trass is therefore complete withont introduction of any additional Bars.' 
e.g., if a king -rod were added in the position VH, it would beunstioined 
(under tho given conditions of Load), and therefore useless. If the Load 
bo altered in any way, e, g., by snspending an additional Load w' at the 
joint II (say a heavy lamp), then a king-rod HV would be required to 
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prevent tbo tie-rod A'A' bendbg unduly; Ibo Stress on this king-rod 
Tvoold bo eimply = w. 

EzAuru: 2. 

A symmolrical triangnlar Truss of 24' span with tbo Tie- 
rod slightly braced up to inclination t’ by a king-rod. 

CondiVionj and /dotation («« Arts. 677, 678, 697). — "W = 16,000 fcs., 
W = 4,600 lbs. 

Conttnetlon tea Vtrtieal Zoad. 

Frame-diagram, Fig. 17 (a). Stress^iagram, Fig. 17 (J). 



Step I. Polygon of Loadt, a‘b*6'a'ma* conslmcted exactlj as in Ex. 1. 

Step II. FetoluUon of Loads ar^oinr« 

Jomu A', A*. — b'a'mpb', »na*6*^*n» are the closed "Polygons of forces ” In Eqmli* 
brinm nt A', A' constructed exactly as for the joints A', A' in Ex. 1, noting that np', 
p’m are of course drawn parallel to the sneUned tie-rods A'n, A'm. 

Joint m —The forces arc H' ~ p'n, II' = vtp’ (both draws), and K known only in 
dirtcUon (being rerfical). Joinyi'p* which (if the figure be eorreetly drawn) will 
be Tertical, so that 

p'mp’p' is the elottd Polygon of forces m equilibrinm at m. 
p'p' represents K, and being drawn from p' indicates Tension at m. * 
Jomf V.— It will now be seen that the Polygon of Forces for V, tm , b'b'p'p'b* is 
T7 

already eompUte. The forces axe the Load — , and the Stresses T', K, T*, 

W 

But h'b' represents the Load— , 

b'p' represents T', indicating Thmst on V. 

p'p‘ represents K, indicating Tcnuoc on V. ^ 

p'b' represents T*, indicating Thmst on V. 

Check on the fnceid^atio/t.— The Tcrtieality of the Uce p'y, and the Polygon for 
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the joint V having been comjjleted in the act of drawing the Polygons for the prc- 
vions joints constitute the “ check ** (tee Art 594). 

General Formutcs are eatily derived from the Stress diagram. 

The symmetry of the figure shows that tnkn bisects and is X' p'p** 

T' = ly = =■£. . 'J£coo+f) ^ w _ . c°.._ 

Bin ( p f» 4 Bin (i — 4 ) 4 sin (» — » ) 

H' = = ■'i , = W . c^ i 

sinmp'i' 4 am (» — <') 4 sin(t — i) 

K = p'p' = 2np* = 2»?if sin p'mn 2 H* . sin i', (Teniion), 

Evidently T' s= T", and H' = H". 


- Construction for i\h/j?wl Zoad. 


rrame.diagiaQ), /7y. 17 (c). 


Stress-diagram, fi^. 17 (d). 



p't = n', p’t ss H*. 


Step I. Poli/gon of Loads, a'‘ma'xa“ constmcted exactly as in Ex. 1. 

SiEpn. Hesolutlon of Loads at joints. 

Joints A', A*.— ma'rp'm, ta'p'* are the closed “Polygons of Forces " in eqniHbriutn 
at A’, A*, constrnctcd exactly as for the joints A', A' in Ex, 1, noting that *p‘, p"t 
are of course drawn parallel to the inrhned tic-rods A’f7i, A'nt. 

Joint »a.— The forces arc H' = p't, II' = »p' (hotli draum), and K known only indi • 
reefion (being vertical). Join p'p' which (if the figure be correctly drawn) will bo 
vertical, so that 

p'tp’p' is the closed polygon of Forces in equilibrium at »». 
p’p represents K, and being drawn /rom p’ indicates Tension at wi. 

Joint V. — It will now be seen that the Polycoo of Forces for this Joint Is 

already complete. The forces arc the Load -:;-,'aad the Stresses T,. K, T*. 

TV 

But a m represents the Load 


»»;*' represents the Stress T, indicating Thrust on V. 
p'p’ represents the Stress K, indicating Tension at V, 
p’a’ represents the Stress T*, indicating Thrust on V. 

Oteek On the /ncritiyfffwn.— The verticality of the line p'p’, and the Polygon for 
the joint V haring been eompleied In the act of drawing the Polygons for the pre- 
vious joint*, constltntc the check (Art. C9I). 

General Jurmuta are cosily derired from the Strcss-dUgram . 
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T' r= mp' ss nr . cot tp'm =s fR' tat (i - t'), ( TArutl). 

11' = fp’ s ns . coscc sp'm sa ^R* — . cosec (i - i*), (Tentiou). 

H* s H' for tlie lines :p’, ep" are e^oalljr indined to the Tertieal p'p\ 


...» eiap'ea' linfM + i + O cosfi + O .. 

= ?“='“• Jwv = “ ■ ■ .ino- i r = ® 

s p'p' ss 2 jj'i . iln S^,(for Is *a isosceles triangle) » 2 H' , tin i“ (Ttmi'm) . 


Example 8. 

Descnpiion.—A symmetrical triangaUr Truss of 24' span with the 
Tie-rod slightly braced up to incliaaUoQ »' by two braces, VII', VII', such 
that A'JI'V, A'lI'V are isosceles triangles. 

ConcfiVibrt^ and A’afa/ibn (see Arts. 577 , 576 , 597). — W = 15,000 fts., 
■W' = 4,500 lbs. 


Centtrvetion for Vertical Load. 

Frame-diagram, Jig. 16 (a). Stress-diagram, Fig. 18 (*)• 



Step H- Feiolution of Loadt at Joints. 

The Folygoaa of Forces in equlibrima at each joint are 

Va'mp'V for the jdnt A' ; «a*4*p*»» for the joint A*. 

^vxhp' for the joint M' ; xnjJhm for the joint 21', 
b'b'p'hp'b'' for the joint V, 

The check on the work is ohrioos, (ArL C94). 

General Jhrnate.— the Frame- and Stress-diagrams. 

JI’A'A' ^ t* = il'A'A' s p'mh = t* » p’kK 

H'A'V e= i — r = llVA' ; vtp'k = 160* — A’il'V = 2 (i — 

M'A'V = 1 — «' -aM*VA' } Bih/ = 160* — + a«p'A) = 180 — (2, « q 
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BTREBSES IN KOOF THUSSES. 


mi 111 II 8inpm5 

T'ssp'J'eamt', 

Bin mp b 


W .cos f . cosco (i- 0 ,C rirwO- 

4 Bin (♦ — i ) 4 


= = cos I. cosec (i-o-cri"*!®). 

^ Bin ffip* b 4 Bin (t — i) 4 


« S’. (r.».!cn). 

^ Bin mAp' Bin (2i — <') ' 


S' e= hp' ea JTiy. 


Bin jimp' 


il—, CrenHcn). 


* Bin jnAp' *6in (2» — t')’ 

Also by tbe Bymmetiy of the figoie T' =i T* j H' sa E' ; S' = S*. 

Ccnitnetitm for formal Zoad. 


rramc-diagram, Jly. 18 (n). 


Stress-diagram, Fig. 18 (d). 



StEP n. Fisolution of loads at yVin*.— Tie Polygons of forces in equilibrium 
St eacli joint are 

tna'zp'm for joint A*; sa’p'z for joint A*. 

p'zhp' for joint M' j hzp''h for joint M'. 
o‘'i7ip'Ap"o‘' for joint V. 

The check on the work is obviona. 

General Jorpinte.— S<e Frame- and Stress-diagrams. 

T' s p'm = ffls cot mp'* ^ . cot (i — i'), (TArart ). 

E' ss sp' a: «* . coscc mp'* =^R' — ^ ^ . cosec (» — t'), (TVniion), 


S' = p'A=y* 


Bin p'zh 
Bmp' As 


rrzT^ .cro...™). 


T-ccpVsa-c “5JS5' = K' “"W + I + I-) 

Bin o'p*’* Bln (t — r j 

cos (»■ + <'),.« . 

Evidently, also *A prodneed bisects pp* (which will be vertical if the figure bo 
correctly drawn) at right angles. 

•% S* ss hp’ ss Api s S' S E' s= ep* r= rp* s= E'. 

-Practical Fetnark on Examples 2 and 8.— It is interesting to obserre 
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the effect (which the Stress-diagrams render obrions to the eye) of brac- 
ing np the Tie-rod, as compared with the straight Tic-rod in Ex. 1, rir., 
that the Stresses on the Ztafters and Tie-rod arc all increased, and a King, 
rod or Braces rendered necessary to bear the rertical component of the 
Stress on the inclined Ties. The adrantage of bracing Dp the Tic is to 
gain head-way nnder the Tic-rod : tho conslraction is snited to Iron Tie- 
rods, not to Timber. 

Tho same effects eonscqncnt on bracing np the Tic-rods arc seen at & 
glanco in tho Stress-diagrams to £x. 4 and C, also in Ex. 7, g. v. 


Exauple 4. 

Description.— A Eymmclrical King-post Tmss of 32' Epan, with Baflcrs 
bisected by the Strata. 

Conditions and A^'otalion (see Arts. 577, 578, 597).— W = SO, 000 lbs., 
W' = C,C001bs. 


Ojnrtrucll/m tot Vertical laaJ. 

Frame-diagraa, 19 Euts-dlagrm, TTy. 19 ((). 



Step I- J^iralcwt — AttifT iftu b 

lUftcr, the I/ned dirtribctivJ erw wb •rpmrst li -j-, to iLu LmIi 

at the joIiiU are clea.'lT r<j (I.'), Art-STe').^ a? tij a'^tstt^i A*,A* | ai! 

^ at the jciicl* B’, V, B*. 
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polygon cf Loadt.—On the Loa«l-line o'«‘ = MT, take sneccssivcly 

.JL. ■W’ .. . . . ... w . w , , 

a 0 = be = e e = eb' = Va zs ~ for the Loads. 

W 

am = — = na' for the Rc-actions. 


Then is the “Polygon of 

Step II. Petolution of Loait at thejoinlt. — ^The Polygons of Forces at the joints 
are as follows, in sncceasion 

5VinA6* at joint A* ; at joint A', 

c'Vhq'e' at joint B' { Jlt'cVA at joint B*. 

t Note, that 11', n* arc represented in the Polygon for 
> the point M hyAm, niA, respectively, a pair of 
i orertapfing Unti. 

The check on the tvork U ohrioos, (Art 651). 


qhmh^q' at jointM. 
cVjV**'** V. 


General Formula, 

8W 

T,* := Ai' = mb' coscc niAi' = (mc‘ + e'A') cosec i =. cosec i, (TArwsf). 

ir c=3 ir = riA s mb' cotmAa* rot f, (^Tension}. 

W 

K 5=7*?’ S5S f>'e' = (Tfjuioa). 

W 

S' =Aj‘ a= 7 'n, cosec j'An ss ) j'^'.coseci = — cosec f, (Thnut), 

W 

T,' = c' 7 ' = A'j'ss b'h — j*A sT* •• 6* =:“^ cosec f,(TArKiO- 

AlsocvidenUyT,' =T/ i T,' = T/i 6' = B'. 

Ctfwfrueficn for AVmal Lead. 


Fnae diagram, fig. 10 (c). Stress-diagram, fig. 10 (i). 



Step I. Kfi'fele»t Lead al tbe As there are two equal tegmenti In the 

r.ifun,theI/»ld:»lnbo*c<l over each segment is ~ , io ihit the EqaiTileal Loads^al 
lh« y laii are clearly {eertpare IVi (IT), Art. 6Tf ). 


at A'*“ i V,asl -T- at B‘,and r-o I/«(l at B* or A*. 
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ej Zortrfi.— On the Loail line aV panllcl of conreo to the TVind-prcssnre, 
C r, perpendienUr to the lUftcr, take ineccssircly 

.1. 'V’ .... W’ .. . W' , 

a o s=-j-,44= — ,i«= — jBissIl.MssIl*. 

Thci e'fc't’a'ta' U the “ Polygon of Loada." 

6Ttr IL J2<toJvt!on of Loait at The "Polygon of Forces ” at the joints 

taken in tncccasion arc as follotrs x— 

Vatph' at joint A' j tP^p‘i at joint A*. 

Vh'p'^‘ at joint B' j |>*«V* at joint B* (not loaded). 

^p'*p*<j at joint ht (no stress on bar B*M). 
o'i'jp'o* at joint V. 

If the diagram be correctly drawn, ^p‘ will be rerticaL 

JCote parrieiilariy that the Polygon of forces for the joint B* is p‘a'p', i. e., simply 
a pair of orerlapplng lines, bceanso the joint B' iSAot ioadfd; hence T,* s T/ and 
S* = 0,{. e, there is no Stress on the Stmt D*M. These rtsalts might hare been fore* 
seen from the general considerations explained in Art. 575. 

General Formula. 


T,' = p'b' s z&' . cot . tp'b' = ^R' — ^)cot I, (^TTtruif). 

II' = tp' ss tV. cosec tj/b' s — cosec f,(7knHon). 


T/ « T/ = pV 1 




stn p *a’_ 


W' 


n tf p'a 


:R'. 


sin ($0» + 0 

SIS 

W' 


E' = «p* 


sB'.cotiss lec’f.coti » cosec 2 f, (Thnuf). 


lb «aV ^ «, sto(9Q- 
eb a’p** *“ 

W 

S' =a p'y as bV . cosec qp'b’ =s cosec 2 i, (IJiruti). 

„ . I > W' lb f 17' . » 

K = qp* asjp'. lb qp'p' = S .8un = ^.^j^^=-y- . sec I, (TVnnon). 

T,' r; qb* s= p'b' — p'n s p'b' — ja . cot qp'n = 

= T,' — ^ . cot 2 i, CrAmit). 

Praeficaf Petnarij.— On comparing: the Stress-diagrams of this Ex- 
ample with Examples 1, 2, 3, it will be foond that with a jfraiy^f Tie-rod 
there can be no Stress on a King-rod (except that doe to its own weight, 
and that dne to sagging of the Tic-rod under its weight, both small in 
small Trusses,) unless the Tie-rod be loaded {see Remarks at end of Ex. 1), 
and that bracing the Tie-rod or stmtling the Rafters throws Stress on 
the King-rod or internal Bracbg. 


Exxsiflb 5. 

Desenpl/on.— A symmetrical King-post Triiss, as in Ex. 4. 

ContfiVion and iTofalions {see Arts. 677, 578, 597).— W zz 20,000 lbs., 
w ez 500 lbs., w' = 1,000 as., W' s= 6,000 lbs. 
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N.B . — The Trnsa is the same as in Ei. 4, The Vertical Load alone differs from 
that of Ex. 4 in that the Loads yr, xr' have been added on the Eidge, and at foot of 
king-rod. 

This Truss is therefore loaded as in Example of Ifcthod 1, Art. 580. 

Constructim tot VerliealLoai. 

Frame-diagram, Fig, 20. (a). . Stress-diagram, Fig. 20 (S). 



Step I. Polygon of Loacts.—Tho "EqniTalent Loads " at the joints are the same 
as in Ex. 4, except that there is a Load of (-^ -I- w)onV,and aLoadof w' on M. 

The Ee-actions are qj a’ and A'. 

In cases (like the present) in whidi there are Loads loth on the Eafters and Tie-rod, 
it svill be found ronrenient to represent their Loads on different Load-lines, thns — 
Take o"a' to Kpresent (W -1- w) the Total Load on Eafters, and o'a',o'a" to 

^ ^ ^ Ty' 

represent the Ee-actions ' 2 — “**** clearly 

OTcrlap by the quantity u'a" *= XT' which may be taken as the Load-line represent- 
ing w'. 

W W tXf \ W . . W 

OnaVset off 0 **'= 6 * 0 *®= -j-; 0 * 0 ' = (-j- + xrj ; c'b' «= “J “ ~ 

Hence a* 6 *c*c' 6 'a'a'a*o* is the Polygon of Loads. 

iV.B. — ^The Load lines 0 * 0 ', a'a* and Ee-actions o'a', a*o' hare been purposely splay- 
ed outwards for the reason explained at end of Art. 693. 
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StepIL ^Morafioa The Polygons of Forces for the joints 

In inccesslon are 


h'a'a'ffh' for joint A' | 
e'b'p'q'c' for joint B' I 
jVq’oV?*?’ ior j dat If, 
c*o’ 5 ' 5 V for Joint V. 


e'fl'A'p'a* for joint A'. 
pVe'fV* for joint B*. 

{ at vhleh the forces taken fa oriftr 
aroS',H',\7',H', B*,K. 


Oeneral Fomvla. 

T,* = f't' B a'V , coscc a'p'b' ™ (a'n + mi*) coacc <. 

— (^ + ^ + c’4'). «««:*= + '^) + T‘) 

^ ^4-^) cosec i, (TJlrtiJt). 

H' C3 a'p' *sm ttV . cot fl'p'6' » ^ ~ ) cot *, {Tention'). 

S’ = py taj'a' . coscc j'p'n'»-^.«c8ec<Bi^.coseet=-~eosccf,(rArt«0' 

K w j'j' — Cj'n' + n'a' + n*y) ■» (Vn' + o'“') “ + W ) , (rewfon). 

T,' - j'c’ « c**' - p'b’ - p'«‘ » V - S' « + " ‘ t • ^ ) • 

Also eTidently T,' = T ,* , T,* - T/ , S' - S' i H' « E'. 

The Student is recommended to compare the process in this Example with the 
process by the Method i of Resolation for the same Koof, (lee Arts. 680 to 683) ; the 
greater fadlity of this Method (the Polygonal) mil be at once erident The results 
obtained by both methods arc of coarse identical, (jte Art. 681). 

He shonld also compare the Stress^iagrams for Vertical Load of Examples 4 and 
6 (F«yf 19 (6) and 20 (J)), which arc examples of the tame Truss under shghtly 
different Load, to see the effect of adding the Loads w and w' on the Ridge and Tie-rod. 

^Tutrvcriaa for normal Load. 

This Tmss being the tame as in B*- 4, and under the tame Normal Load, no 
separate inrestigation is needed. 


Example 6. 

Description.—^ symmetrical Eing-post Tmss of 82' span, the Eafters 
bisected by the Stmts, the Ties braced np so as to be in one line with the 
Stmts. 

Contfjri'ons and Kotation {see Arts. 577, 578, 597).— -W =20,000 fiiS , 
W' = 6,000 Bs. 
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CpntlrveUflH lav Xprmtit 


T‘niTnc-i3i*im*n, r ig. SI (r). 6lrr«»^i.igrom, Fig. 21 (tf). 



PteP L J\ivgon t>f ZAivf«, a'i'iVsa* as in Itx. 4. 

Step II. Itwlmtionr/ Laadtat The'Toljgons of Forces” for tbe Joints 

taken in snerenion tre 


h'c'tji'h' for Joint A' t for joint A* 

for Joint B* j p*a’f^ {or joint B* (not loadcil). 
ip'*r"g for joint fn (no Stress on bar B'm). 
o'l'*y;iV lor joint V. 

Gtnerat /Vrnvtr. 


T,‘ e p'b'= tV . rot tp'b' ss eot (« — 0» (FArwij). 

ir = rji'a=*&'.cosecrp'6’s (R* — .cosec (« — 0» * 

W 

S' =p'g syn.cowc jjj'n'ss — .coscc (i + »*), ThfuiO- 

TV' 

T|' =5 qV ^ p'b' — p'« s p'b — gn. cot qp'n ss T,* — • cot (i + *")> (27«nir0* 

‘ * r' natp'a^ sio(i— O sinO — i) 


n* = r;'* = *a‘ 


, Bln ta y* 


^ = R'. 


i?o(00 — gp 


=R*.- 


cos 2i 


, (jCTWwn). 


’ Sin xp'a' ** ' Bin(i — I*) *' 'smO — »')’ 

K =(7p's 5e + r/ = 2S'.8m»' + gU'8m«‘ = 2(S'+ H") . Bin i'. (7en«OT). 
for qp' is Tcrtical, and gp', p'e. tz, arc all laclined at angle i' to horizontal, so 
that horizontal (dotted) lines throngh p', t bisect qe, tp‘ at right angles rcspoctiTcl/. 
jVIso S' — 0, as might have been foreseen, (Art. C75) since It* is not loaded. 


Bxauplb 7. 

Zlrscryifi’ort.— A symmetrical Trass of 48' span mth Rafters braced at 
tlicir middles, the Tie-rod braced to inclination i'. 

Conditions nnd 2^otation (ace Arts. 577, 578, SJT) — W =s 30,000 lbs., 
•W' = 9,000 lbs. 

TOL. I.— THIRD EDIIIOS. 4 D 
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Constnitlion for Vertical Load. 

rramc-dinsram, Piij, 22(«). Stress-diagram, Fin. 22(6). 

Step I. Toiijgon of Loadx, rt''6*c"c'6*a*oia* ns in Ex. 4. 

Step II, J{e$o!iUion of Loads at joints . — ^Tbe Eolj-gons of Forces for tlic joints 
taken in sncccssion are 

Va'mp'b' for joint A* } for joint A". 

c'b'p'qc for joint B* ; for joint B". 

q'p'mhq' forjointll'j Mp's'Am for joint M'. 
c'e'gVij'c'' for joint V. 


General Formnhe, 

einp*m6' ^ ^ ain (90 +i') 3W 
li mpb' 8 * Em O — t) 

TT' » .> pin fty®' 3W sin (90— 0 . .. 

II = mjj' = mb' . ^ 7 ^ . cos t , coscc (t — t'), {Tcntion), 


Tj' = p'6’ = n6' . 


- . cos t* . cosec (i — i'),(,Thnist'y 


sin mp'b' 


' sin (i — t‘) 

S' e=pV = 5V,co3 p'j'c' = tf’6' . cost 33^ COS f, (rArujf). 

T|' = q'e' — e'6' =» p'6' — p'd s=a p'b' — g'e' . sin p’^V 
« T|' — e'6’ . sin i es Tj' — ^ . sm i, iThrust). 

sIq Aflfl' ,,, sini ^ /rr> ^ 

• iTr?io - (5 « - <’0- v,„-j5r-T) ” (^' - -• 

: ^T|' sin 1 — . coscc (2i — 0. (7V»»*'on). 


• hq'^q'o. - 


' em (2 I — 0 


II ^ rnli = mn — ni e I'e' , cos mW — q'h . cos q'hii 
T,' . cos I — cos (2i — t"), {Tension). 

Also evidently T,' - T,'} T/ = T,' ; S’ - S' ; s' «= »* 5 H’ ' 


Construction for Aormal Load. 


Frame-diagram, Fig, 22 (c). Strcss-dingmni, Fig. 22 (<7)- 

Step I, Polygon of Loads, a'b’b'a'sa' ns in Ex. 4. 

StepJL Jiciulution of Loads at joints.^lbc Polygons of forces for the joints 
taken in sncccssion nre 


I'a'sp'b' for joint A’ ; sa'p's for joint A*. 

I'b'p'qb* for joint B’ } for joint B* (not loaded). 

tjp'shq for joint M’ ) hxp“h for joint M'. 
o*6'y6ji’'u* for joint V. 

Formwfa*. 

T/ Bp'fi'ea 46'.cotrp'6' — . col (i — <'), (FArurf). 

ir ■- tp' ■s*46’co«cccp'6' ra ^R’ .COSCC (I — »”), (rfn#?o«). 
b' — 5P' — I'b' — C 

T,- - T,- a-. . !i?y _ Jl- . ^(W>+J+i3 

‘ ' ^.1 • Tin - 1 ) 
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S' = 0, as might bare been foreseen, (Art STS), bcatasa B'is nnloadci 

n* — sineaV 5)0(90 — 20 cos2i , 

il — sp=*o *, ss=Ii . — ^ ■ ,- ggR , .(Tentton). 

sin a p z BIO (» — t J Bin (t — i y ' ' 

. I, , sinAe;!* slni* 

4 a Itp s:=Zp —^Bsll. j-j jr-, (7e«JWB). 

^ Bin zhf" Bin (2» — ^ 

*' = /<2 = Ae + ej = Ap' + . Bcc eqp' =» a' + ^ coscc (i — t'), (Tension). 


Description . — A symmetrical Truss of C4' span with Rafters braced by 
two Struts : the Rafters And Tie-rod (which is straight) arc trisected by 
the bracing. 

Conditions and Eolation (see Arts. 577, 578, 697). — "W ss 40,000 lbs. 
W = 12,000 lbs. 

G/nstruetionior f'rrtteal Load. 

TrantC'diBgraia, fiy. 23 (a). Strcss'dlasram, rip. 23 (ft). 

Step I. Polppon of ieatf/.— The Rafters being trisected, each segincnt bears ^ 
SO that the “ Equivalent Loads at the joints *’ are 
w \v 

^ at A', A' 5 — at B', C, V, C, D* 
si C 

W 

The Be-actions arc at A‘ and A'. 


a'i'e'td’d'e'i'a'ma’ ss the ‘Tolfeoa of Iciadf”. 

Step IL Resolution ofLoadt at thojmnts — ^Thc I'oljgons of Forces at the joints 
token in sncccssion are 

ValmpV for joint A' ; tna^b'pm for joint A', 
c’ft'py'c'for joint B ' 5 pft*c'j*p for joint B*. 
d'c'q'r'd' for joint O' ; for joint O'. 

r'fpniSr' for joint 31' t Umpq'r'S for jomt 31*. 
d'd r'Sr'd’ for joint V, 

General fonmite. 

S\V 

X,' = pb' - mft' coscc mpft' = («d' 4 - J’ft') . coscc * = coecc «, (TftriiiO- 
II' ~ mp ~ mb' . cot «np6' = cot i, (Tension). 


J = q'b' - db' . coscc (fy'ft' ^ coscc i, (TArwl), 

Sj’ = />?'= nj‘ . cosec q'pn = <f« . coscc s = . coscc i, (TArutl). 
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6 j' = s'r’ = e'd' = , (^TAruit). 

S/ = = Vr'n* + «N* = V c'm* + (}'» . cot ] 

- , /W TX* w /T"; T V,Crmwn). 

"/(t) + (l2 -"“‘V = 12 y ® M 

. / W W\ w 

II = ?nN = tnc' . cot mUe = + —j . cot i = cot i, (Tension). 

Also T,' = T,' ; Tj* = T,'s T,* = T/; = */• Sj' = S/ ; S/ = Sj' ; H’ = 11'. 

Cunstruction for AWwal Zoat^> 

Frame-diagram, 23 (c). Stress-diagram, Fig. 23 (d). 

Step L Pohjgon of Zoatfs.— The rafters being trisected, each segment of the rafter 
A’V bears } of the whole ■\Vind-pressiire W, io that the FqQlralent Loads at the 
joints are • 

^ m A' Had V , at B', aad C". 
it 3 

The Re-actions are R' =i TV' (1 — J sec*0“ H = W. i . sceV =s Ji W', 
by Eq. (18), Art 578 : also a'5'«n5’a'z<»' is the “Fol^gon of Loads 
Step IL Fesolutton of the Loads at fA^ joinfi.— The Polygon of forces at the 
joists taken in succession arc— 

Va'spb' for joint A'l sa'p's forjoint A'. 

for joint B' } p'a'p' for joint B' (not loaded). > 

The Bar D'M* is not strained, and S/ ss 0, also T,' ss T,'. 

i'ffijrft' for joint Ct for joint C' (not loaded). 

The Bar C'Jl' is not strained, and S,* ss 0, also Tj' = T 
fj/p’rp'r for joint Sr j p^sp" for joint il'. 

The Bar JI'V js not strained, and Si' = 0, also li' = IL 
a'b’rp’a' for joint V. 

A’J7.— The Ilcsnlts T,' = T/ = T,', and S,' =5 0, Sj' = 0, S,' = 0, arc the di- 
rcct consequences of the joints B',C',M' being tt/iloadeei : these Results might liaio 
been foreseen from the considerations giren in Art. 575. 

Cenerat Formula. 


T,* - ji’5' = st* . cot sp'b' = ^ It' — cot », (IVirnit). 

II' = sp' = *!>’ . coscc sj/y = ( R' — , coscc 1 , (Teruio/i). 

W 

T,' = 17^1 = p'b' — p'n ~ pV — ^a cot gp'm = T,' — — . cot 5i,(7finul). 
W 

Sj' = p'g = qn. coscc qp'n = coscc 2i, (Thrust). 

8,‘ = f r = 9N . 6CC N</r = see 1, (Utrvit). 
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T/ = Tb’ = rN + N6' = . tan Nrj + N6' = ^ . tan » + T'„ (.Thrusl)- 

. W' W' 

T,' = T,' = Ta* = p'a = a’m . cosce o'p « — ^ . coscc • coscc i . see f, {Thrust"). 

II = II' = srp' = :m. coscc. sp'pt - ^ It' — . coscc i, (rension), 

\V* W' 

B,' = p'r = p'o . coscc p’ro ~ . coscc MV A' = , coscc'(»' — t), {Tension). 

S,' = 0, S/ = 0, S,' = 0. 


CALCULATION' OP TOTAL WoKKiKO Stbess”, See AiiTa. -loC, BOC. 


Ban. 

Befereneo 

Tij 23. 

Stma. 

SrncssE 

l>neta 

Tertl. 

toad. 

■s* i>f roesDs. 

Dae to Wind 

5 . 

fi! 

Character 

ot 

^tKW. 

Ofwt- 

«V. 

tea>t. 

^ f Top-Segment, 

VC' Of VC' 

T.'orT,' 

I2,222J 

8,91C| 

0,250 

31,188} 

Thrust. 

S (Middle do, 

C'B' or C'B' 

Xj'orT,' 

2i:^22J 

5,550 

B,01C| 

23,472} 

Thrush 

” (Foot io, 

B'A'or B'A' 

T,‘orT,' 

2r.777J 

r,0S3i 

0,250 

34,801} 

Thrust. 

^ j Oater.8cgment 

M'A'oril'A* 

n' or U' 

22fi22$ 

^,634 2 

2,187J 

31,070 4 

Tension. 

^ ( Middle do., 

M'M' 

II 

13,3331 

2,187i 

2,1871 

13,520} 

Tension. 

Sraccs, .. 

VM' or VM' 

S,' ot Si' 

10,0132 

2,733 8 

Nil 

13.070 

Tension. 

Struts, < 

C'Jr or CTil 

S,' or S,* 

(5,CCCI 

5.000 

NA 

11,000} 

Thrust, 



Sj or S,' 

BpB.,.! J 

1,10(31 

Nil 

9,722| 

Thrust. 


XCote . — The Working Stress” (Art 59C) = Stress dne to Vertical Load + 

+ Greatest Stress (of same character) doc to Wind (from eif^er side). 


JV B — Although onli/ the Gr^rr of tie i’ro Stresses due to Wind on either sido 
of the Truss are rc<liurcd, (Art. B9C) for Calculation of the Total “Working Stress", 
still it is generallj/ neccssaiy to calculate both Stresses numcncall/ (or b/ measure- 
ment from the Stress-diagram if preferred) to ascertam rrAicA is the greater ; bolft 
hare ftCcordiisgl 7 been inserted in the above Table. 

Calculatton of ScantliaffS in Ex. 8. 

It will be a useful osempUfication of the principles of Chapters XXII. 
and XXIII. on Tension and CJompression to calculate the scantlings for 
one complete Truss, e.g., that of Example 8, in wrooght-iron. 

• Tbevalaea ptres In the Table are bjroIrKfafiMCRiai tbo tarmnhs , tncaoircaietit tron theicale 
^To^ddocciuaUj veil : the RsutU b; meastimDcnt ttfll-ot cooisq not be eo exact, bat this sreat 
Ij (utncccssary in practical EnginecrltiE {Azt £97). 
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STRESSES IN ROOF TRUSSES. 


The scantlings are to bo designed such as to bear the “ Total “ Work- 
ing Stresses” calculated in the preceding Table. 

— It mn?t be remembered that the Rafters of this Truss ■were supposed, {tee 
Art 597), to be Loaded by Purlins applied only at the joints so that are there no 
Stresses included due to Traus\crse Strain. 


Cross-sections and Factors of Safety. 

Sots in Tension. — ^Round Rod-iron is n convenient form for all rods in Tension 
s = i (Art. 481). 

Hafters — with the head outwards is a very conveiucnt form, as the Purlins 
rest on the flat head to which they are easily fastened, a = 4 (Art. 604), 

Stmts . — A pair of angle-irons placed back to back is a convenient form, as 

they thus embrace the shank of tho rafter, and also the Tie-rod at the joints 

(winch should be flattened for the purpose) in such a manner that the Resultant 
Stress is approximately symmetrically sitnatc within the compound Strut, {tee Art. 
620 — (0) as to the advisability of this arrangement). As the Stress is not, however, 
Cl en, thus really uniformly distnbntcd, it is advisable to make the factor of safety, 
higher than for the Rafters (Arts. 604, 520— (C), say s =s 6). 

il/o(iuZv of Sti enyth.—fi s 00,000 ; /e = 30,000, (Appendix II), 

Culeiilation of ScantUnys. 

AVatwn, Art. 481, 604.— Observe that in what follows W is the “Working Load *’ 
(Tensile or Crushing) or “ Working Stress” on each Bar in succession as required in 
the formula: of Chaps. 2^11 , XXQI ; this must not be confused with the W used for 
Working Load on the whole Truss. 

Bars in Tenston.—Theio are easily designed j for being of round iron, A = j tf*, 


also/, A s= aW (Eq 1 and 


Alt. 481), 

=/W 


4 X 4W 


X 30000 


=/i 


HW 


where W is the “ Total Working Stress 

Taking this from the Table of Total Working Stresses, wc have 
Tie-rod, Oti(er-tegme?it, W = 31,070, d = I’C inches, say 1 J inches. 

Tie-rod, Jltddle-seyinent, W *= 16,620, .% d = 1'14 luchcs, say 1| inches. 

Braces, W ■= 13,079, ,% 4 = 1*08 inches, say 1 inch. 


If.B —It must be carefully borne in mind that the diameter (rf) or breadth of ties 
thus found, is the diameter of net area A of cross-section of each bar, (i. e., of area 
of Solid metal left after deducting all rivet-and bolt-holes, {see Art 481). , 
llorevcr the jot nts at the cuds of the tics shonld be so arranged that the resultant 
Stress passes down the axis of each Bar, (see Art. 482,) otherwise the Ties must bo 
made thuher than as just calculated, ' 

llafter VA' or VA'. — It U convenient for constrvctice reasons to make the Rafter 
fa one piece and of vnifornt section throughout: it must of coarse be designed to 
bear the greatest thrust on a ity part of it, (viz., that on its lowest segment B'A' or 
B'A'), which is 31,8C1^ Tbs. Tho waste of iron by making tlio two upper segments 
of same scantling ns the lower (which has to hear tho greatest stress) is very small, 
see Tabic of “ Working Stresses ”♦ 
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The naflcrnifly be designed ns a “Pillar** of length = J Length of IJafter = 

and with “both ends fixed ", prcrfdnf care be taken that the riveting (Art. 511) at the 
Itidge, Wall-rlate«, and Strut heads is snfficient to make all the joints very tuff (as 
can ffmerallt/ be arranged in soch a large Truss as the present). 

The details of this arrangcraent fall propcrljr under the head of "Joints 

As in the figure of cross-scction (T*-iron) chosen, there are four quantities, (viz 
breadth, depth, and two thicknesses to be determined, and only one equation of eondi- 
lion, (i iz., Working Stress “Working Resistance), three conditions must be assumed 
l<tnecn b, ff, /, (see Art. 521— (3)) . it will bccooTenient to assume values for li,d for 
reasons explained in Art 521. 

As some guide in assuming b, d, observe that the cross-section must clcarlj contain, 
rierc iron than if designed as for a “ Short Pillar”, on which snpjiosition (bj Eq (2), 
Art. 507), A “ aW ^/« •= 4 x 3.4SC1 ^ 36/)00 == 3-S7 inches. 

Assuming accordingly breadth of head = 6', depth of shank “ 4', thickness of 
head and shank each &= (, (hen 


Whole Area A “ 5f + (1 — l) < =» (Of — t*) square inches, 

Lnslmdlhi., 15 L- (12 X — 

.% Dy Gordon’s formula Pq. (1$), Ark 520, ‘ 

.TV_/.A.-{I+,.(')’| III 

A-,W.jl+,(i)’j^/, < 

_<x3iai 1 _!_ .1^5'., 

acootl I ^ dlKK) V 3 X 4 / f 
— 3 874 .Jl.f = 3 874 X 1 53 * 5 03. 

Kcnee f = 72 inches, nenrh, or toy {-inch. 

Thus the Rafters may be made of 5' x 4' x I' T-iroo 

Stmt — These arc to be designed as " Pillars ’’ of length CM' or C'M' C “ 10'), 
and I1’3I' or B'M' (*= 13J'), and nith “both cods 6xcd," /iwidri/ care be taken that 
the riveting (Art 511) at their ends be sufficient to make the joints eery tiff (ns can 
generally be arranged in such a large Truss as the present). 


As in the cross section (a pair of angle-irons, thus ”11”), chosen, there arc seve. 
ml quantities, (vu , lengths and tbicknessof anQS)to be determined, and only one 
equation of condition, (liz, Working 5(rcss= Working Resistance), several conditions 
must be assumed between the qiuntities required (Art 521— (3)). 

It is convenient (for cacstmclite reasons) co choo-c the angle-irons alike, and of 
uniform thickness, also to choose the ratio between the arms ns 1 2, so that when 
placed together, the breadth (5) and depth (J) of the compound Strut may be equal, 
i.e,h d. It is convenient also (for reasona explained in Art. 521 — 3), to assume 
values for b, d, so that f may be the only nDdetermiued quantity. 

A» some guide in assuming b,d, observe that the cross section mnst clearly contain 
more iron than if designed as for a “Short Pillar”, on which supposition by I5j (2), 
Art 507, the areas of iron required wonld be 

Tor CM’orCil', A = tV> = 5 x 1I6CC ^SC.OOi == IJ sq in., nearly. 
For B'M' or B*M’, A == sW -^/e “ S x 9722 -i- 50,000 = IJ *q in , nearly. 
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STItESSBS IN ROOF TRUSSES. 


The scantlings are to bo designed sacli as to bear the “ Total “ Work- 
ing Stresses” calculated in the preceding Table. 

N'.B . — It must be remembered that the Rafters of this Truss were supposed, (see 
Art. 507), to be Loaded by Purlins applied only at the joints so that are tbeic no 
Stresses included due to Transicrsc Strain. 


Cro&s-secUonz and Taetors of Safety. 

Bars in Tension — Round Rod-iron is a convenient form for all rods in Tension 
5 = 4 (Art 481). 

Baflers. — ^7*»iroa with the head outwards is a very convenient form, as the Purlins 
rest on the flat head to whicli they are easily fastened 5 = 4 (Art. 504). 

Struts . — A pair of angle-irons placed back to back ^ — ] j— J is a convenient form, as 
they thus embrace the shank of the X-iron rafter, and also the Tic-rod at the joints 
(which should be flattened for tlic purpose) in such a manner that the Resultant 
Stress is appioximately B 3 nnmetncaUy situate within the compound Strut, (*ee Art. 
C20— (0) as to the advisability of this arrangement) As the Sticss is not, however, 
even, thus really uniformly distnbutcd, it is advisable to make the factor of safety, 
higher than for the Rafters (Arts. 504, 62C— (6), say sss5). 

ModuU of Strength.— ft ss 00,000 , /« = 30,000, (Appendix II). 

Calculation of Scantlings, 

Notation, Art 481, 604. — Observe that id what follows W is the “Working Load” 
(Tensile or Crushing) or “ Workiog Stress ” on each Bar in succession as required in 
the formula: of Chaps XXII., XXUI ; this must not be confused with the W used for 

Diking lioad on the whole Truss. 

Bars in Tension —These arc easily designed j for being of round iron, 


also /,A ss <W (Eq 1 and 2, Art 481), 


• d =s /I i'Y = / 7 X 4 X 4W _ / 

*' J Jt J 23x00000 /i 


where W is the “Total Working Stress”. 

Taking this from the Table of Total Working Stresses, we have 
Tie-rod, Outer-segment, W = 31,070, ,*,</= I'C inches, say If inches. 

Tte-rod, Biddli-segmenf, W *= 15,520, = 1 14 inches, say IJ inches. 

Braces, W = 13,070, d = 1*08 inches, say 1 inch. 


N.D . — It must be carefully borne in mind that the diameter (rf) or brc.'idth of tics 
thus found, la the diameter of net area A of cross-section of each bar, (i. e , of area 
of hohd metal left after deducting all nvet-and bolt-holes, (sea Art. 481) , 

Morever the joints at the ends of the tics should be so arranged that the resultant 
Stress passes down tlie axis of each Bar, (jsee Art. 482,) othcrioise the Tics must bo 
made thttler than as just calculated. 

Jlafier VA' or VA". — It is convenient for eonslrvcthe reasons to make the Rafter 
4a one piece and of vnifurm section throughout : it must of course be designed to 
bear the greatest thrust on any part of it, (vi 2 ., that on its low c<t segment li' A' or 
B'A'), which is 3i,8GI^ fbs. llic waste of iron by making the two upper segments 
of same scantling ns the lower (which has to bear the greatest stress) is I'cr-y small, 
tee Tabic of “ Working Stresses ”, 



SinESSES IS HOOP TnC?SES. 


TLo Haftcrnlaybe designed as a“pni8r”of length = J Length of Kaftcr = 

and with “both ends fi^ed", profided carefc^/jten that the rireting (Art. 511) at the 
Kidge, AVail-plafes, and Strut heads is sufficient to make oil the joints rery $ti^ (as 
can gentrally be arranged in such a large Tru«s as the present). 

The dctiiJs of this arrangement fall properly under the head of “Joints 
As in the figure of cross-scebon (y*iron) chosen, there are foiir qnantit.es, (rii., 
breadth, deptli, and two thicknesses to be determined, and only one equation of condi- 
lion, (>i2.. Working Stress = Working Kcsistancc), three conditions mn«t be assumed 
between b, d, I, (see Art. 521 — (3)) : it will beconrenient to assume ralnes for t, d for 
reasons explained in Art. 621. 

As some guide in assuming 6, d, observe that the cros!«*«cction mn«t clearly contain, 
vtore iron than if designed as for a “ Short Pillar”, on which supposition (by Eq (2), 
Art 507), A = «W -1-/* «= 4 X 3.4SC1 -- 30,000 =* 3 87 inches. 

Assuming accordingly breadth of head = 6*, depth of shank 4% thickness of 
head and shank each » (, then 
Whole 2Vrca A = 6t + (4 — c) t e* (Of — <*) square inches. 

Lcastwidthd™ 4*, f •= 12 L = ^ 12 X 

By Gordon’s formula Eq. (IS), Art 520, ^ 

.IT _/,A. -}!+.(')’} 

4 X aiw i f 1_ , <» X 15 ). I 

I * ^ 3000 * W X 4 M 


«■ {■+w} = 


3 874 X 1 53 “ .* I'A 


lienee f = 72 inches, ncarU, or I'lnclu 
Thm the It.aftcrs may t>c made of 5* x 4* X V 

iVniM.— These arc in t>e dt*»gncd«a •• ri1Ur» ” of IrngthCM or C"'!' ( •• 1<7J, 
and 1131' or 11*31' sad mrh “lofli rn.Ja f (•ro'itfi.l rare Sr /»lr* I' »t 

the riictifig (Art 51 1) af ihrir en li Ir ao^ici.m t.» ruVr t'lC s ’**'** 
gcncnilli Iw arrange J in awh a large Tr«»» a» the i 

As in the cro*s section (a pair pf arsle-iroo*, the* “IT ). tl'ce aw Kir. 

ral qnan title*, (*ii., length* and tl icirr** pf am*) to !♦ dilrm I'w-l, an 1 i-rly 
equation of couduion, (»u , Wmiing Stre**=44 «‘Tkirs Itf* ••aarrJ.K irralpm ! i. e« 
»nu«t l-e B««nmcJ Ulwnn ihc •juartitic* rpioir* I (.\n ri — (5)} 

It i< roll! mien t (fur rPD»frurii*r r»9»- 1 »)!»«! •’*< t'r a-. Icf 

uniform thickne**, ali.i to the rati • t' r » ai t ?. t‘ il •’'w 

pliml together, the I rradlh (*) and «Jf| tJi (./) <f t'r t <■ * ^•rvt rn l< p,va'. 

I. C , i M <f. It il PPtiirriftit a’v> (f..r rrav< •«•*•'»• f i is .^r•_ irs - C ). i • 

>aluc* for t, <f, M that C riiT l< i! r oeft eaV'rr- r» 1 t,c»* ' r* 

A» fi'ane piiJc in a««rn 'rg 1,4, tl •rtae t* at t* » et- <s a-‘ r p^-i * 

lanre iron than if doi^air 5 ai f w a *• et l*.’Ur i s • 1 I •! , (j) 

Art. 5i'7, the areal rf m« 

l .w CM t<rC3!*, — *'V ^/. — i x l!f': 

l or 11 a i>r ir.M*. A - aW — f. - 5 X -rr? 
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STRESSES IN ROOF TRUSSES. 


As the Total Arens of iron rcqnircd are so nearly alike for both pairs of Stmts, it 
would be preferable (for simplicity of construction) to make tlicin nil alike, and, 
therefore, all like CM' or C"!!', (nhich most ha\o greater scantlings than B'M' or 
B'il", ns they hare to bear the greater Stress, and arc, morcoTcr, of greater clear 
length (L)). 

Assuming the arms of the angle-irons ns 3 inches and IJ inches, i. e , 
cf = 3*, 6 = li"-!- IJ":!: 3", A = 2 X {ir X t + *(3 - t)} = dt—2tK 
XIcnee by Gordon’s formnla Eq. (18), Art. C20. 

5 X 11CC6 f 144 X 25C 1 
3UOOO • \ ^ + 3000 X 0 J 

= X 2 365 =» 3 83 square inches. 

3b00 

t * 1 inch, neatly. 

lienee all the Stmts may be made of a pair, each of S' X U' X 5' inch angle-iron. 
EiAMri.E 9. 

Description.-^^, symmetrical Truss of 64' span with Rafters braced by 
two Struts : the Rafters and Tic-rod (which is straight), aro trisected by 
the bracing. 

Conditions and iVofotion (see Arts. 577, 578, 597).— TT sa 40,000 lbs., 
W'= 12,000 lbs. 

Conslruetion for Verlieat Load. 

Frame-diagram, T/y. 2* («). StrcssHliagram, Fig. 24 (i). 

Step l.—Pohjgon of Loadt, a''b’d’^dc'b'a'tna‘. ns in Ex. 8. 

Step II . — Ucsoluuon of Zoa<l»atrAcyoi«tr.— The Polygons of Forces at the joints 
token in succession arc 

b'a'mVh' for joint A' ; m'l’b’jma’ for joint A*. 

c'b'pq'c' for joint B' { for joint B*. 

for joint M' ; mpq“nm for joint M'. 
dV’f/'ar'rf'forjointC’; nq’c’cTr'n forjointC'. 
r'nmnr''t* for joint M. 
d'dr'r'd' for joint V. 

General Formula. 

T,' = pb' = jn6' «>scc mpV s -^^eoscc i,(7’finMf). 

Ily = mp =: r«6' . cot mpi^ rs cot i, (TVnn’on). 

W 

Q' = 9'n K IqY ~ J = -JU . ^ 

W 

B/ = rT* = 7'n co«cc 'fpm ss -pj, cowc f, (77 <m/«1). 

T- . . ^ . I. W 

Ksrrscfr+ra s -j- , 



(rcaifon). 
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STRESSES IK BOOE TRUSSES. 


As the Total Areas of iron r«sqnircd ate so nearly alike for both pairs of Struts, it 
would be preferable (for simplici^ of constrnction) to make tbom all alike, and, 
therefore, all like C'JI' or C“Jl% (which mnst have greater scantlings than B’JI' or 
B'M", ns they ha^e to bear the greater Stress, and are, morcorcr, of greater clear 
length (L)). 

Assuming the arms of the anglc*iroQS as 3 inches and IJ inches, f. e , 

,l = 3', 6 = 1 J" + li' = 3", A = 2 X {li" K f + « (3 - 0} = - 2t’. 

lienee by Gordon’s formula Erj. (18), Art. 520. 

B X 11CC6 r 144x25R| 

3(i000 ‘ ( 3000 X 0 ' 

=5 X 2 365 3 83 square inches. 

^ J inch, nearly. 

lienee all the Struts may be made of a pair, each of 3' X U* X i' inch angle-iron. 

EXAtlRLE 9. 

Description , — A symmetrical Tross of 64' span with Bafters braced by 
two Struts : tlie Uafters and Tie-rod (which is straight), arc trisected by 
the bracing. 

Comh'tions and Notation {see Arts. 577, 578, 597).— W = 40,000 Bs., 
W'=3 12,000 D13, 

Comtrvction iox Vertical Load. 



rmme-dingram, Hy, 24 (a). Stress-diagram, Fiff, 24 (J). 

Step I . — Pohjgon of Londx, a''b'Fd’'^e‘b‘a'vta'', ns in Es. 8. 

Step II. — BttohtUon of Loads attbe joints.— Thti Polygons of Forces at the joints 
taken in succession are 


b'a'mph' for joint A' ; 
db'Pq'c' for joint B' ; 
q'Tmnq' forjointM'; 
d'c'q'nfil' for Joint O’ ; 
r'nmnr'r' for joint M. 
tPrf'r'r'd* forjointV. 


wrt'i'jjina* for joint A*. 
Pb'’c''q‘'F for joint B'. 
npq'nm for joint M*. 
nj'c'cf'r'a for joint C*. 


General Formula. 


T,' - pi' - mb' co«cc mph' zz -p— coscc i,(7’/i««t). 

BW 

II,' = mp = mb' . cot mpl' tz ^5- cot », (TVaffon). 

W 

Q* = q'n = \q'q' 5= \ e'b ’ s -p , (7cn«ion}. 

W 

S/ = /»!' = q’n eo«ec ^pn = -p. coscc 1 , (T^n/rt). 

W 

K = rV' = + e"d’ — (TVajioB). 





erncssEs ik hoof trusses. 
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Tj' jV = ph' — ss T,' — S/ = ^coscc i, (rAn/^f), 
T/ = r'd' = ;»5' — pr* = T,* — 2 5/ = ~ coscc i, (nnixt) 
11,'= CTT»= y'i'.cos I, = T/ , CM I =^. cot 1 , (Tension). 
S,' = nr* = ,ynS* 4- r■^’* s + J'e'* 

= y(^““)’+ yi+cof/, 

CoMftvcfiOR forA'crffts/ Zoiz^. 


Frame'diaRram, £4 (<•). Strcss-diagTsu], Tif. 24 (<Z). 

Step 1. — Polygon oj loads, a'i'mft'aVa', as in Et, 8. 

Step 'll.‘~~Peso\mtion of the Loads at the joints. —The PoIjgtHis of Forces for the 
joints taken in succession are 

b'a'sp'h' for joint A* j aa'p** (or joint A*. 

r/ii'p'qm for joint D’ j P’a*p’ for joint B' (nnloaded). 

gp'tng for joint 51' ; xp*s for joint M' (nnloadcdj. 

for joint Cj p*<* V for joint C* (nnloadedj. 

rittp'r tot joint 5f (nnloaded). 
a'b’rp'a’ for joint V. 

The Bars B’il*, 21*C*, C*5I, am seen from the eonstractioa of the polygons 
V Unstrained. 


» 0 ,Q*«» 0 . S,' — 0 , 


*1 as night haTc been anticipated, in coO' 


bo T,- - T.-, U/=n.' ■>' B-, II'.O- Itios 

I ^ ‘ ' e unloaded see Art. 57S. 

/ General Formula;. * 

yi 

p'b' = ib' cot tp’F = ^B' — . cot (, (Thrust). 

I '= sp’ = sb' , coscc sp'b' = (R* — . coscc i, (Tension). 

N 

= p'q s= yJT . cosec gp'S s= mb' , cosec 2 1 = — . coscc 5 i, ( Thrust). 

,' = ^171 = p'A’ — p'jr=p5' — jN . cot = T,' — ^ . cot £i, (Thrust). 

i w 

I = n 9 = p'q . sin^p'a = S/ . eia i =s see i, (Tension). 

1 W' 

4 T « — ■ Ty g p*a* = fl*m ■ cosec a'p'n = -;p . cosec 2i, (Thrust). 

= IJ.' = sp' = sm . coscc sym = (b* — cosec i, (Tension). 

W 

= p'e. sec rp’e s= mb' .eeerp^e = -^ . tec I, (Tension) 

Uou 1. — TlIIBl) EDJTias. 4 E 
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BTRCSSES IK ROOF TRUSSES'. 


3 i'=sk=:s/''— ^ p'.coa i=Hi“ — Sj'.co3i= (r' — . cosec i, (TeMiion). 

S/s= s= V + (*» “• ‘P'y — +(^^1 “ ~ 


-y^+(T'““‘)’=T j 


4 8e<^ i + coscc* ♦, iThriist). 


Ti's=rJ*=.re + p''ms=p''tf .tan rp"« +mrcotep*iM=^.tani + (R' 
B/:=0, Q' 0, S," = 0. 


^)cot i,iThrust) 


Example 10. 


Descnpfjon.— A symmetrical Qoeen-post Truss of 04' span, Tvith Raft- 
ers trisected by the bracing. 

Coiiditions and Notation («ec Arts. 577, 578, 597). — W zz 40,000 lbs., 
w = 1,000 lbs., w' =; 2,000 lbs., W = 12,000 lbs. 

This Truss is the same and under the same Load as in Ex. 2 of Method i. 


Construction for Vertical Load. 


rpame-dingratn, Fig. 25 (a). Stress-dingram, Fig. 25 (6). 

Step L Folggon of Loads , — The “ Eqoivaicnt Loads at the joints ” arc as in 
£s. 8, except that owing to the additioD of Qie Loads on the Ridge, and W’ at 
foot of each of the QoeeD>rods, the Equivalent Loads at these points are ^ 
at V, and W' at 11' and M". 

Also the Bc-actions are + rv') at A', A'. 

Taking separate Load-lines ( as directed in Ex. 5 ) for tho Loads on Eaftcis and 
Tic-rods, it follows that (the lines a*o', a'a' overlapping) 

o*6*c'd"<fc'S‘a'a'a'<i' is tho Polygon of Loads. 

Step IT. Itesolution of Loads at the joints . — ^The Polygons of forces at tho joint 
taken in succession arc 


b'a'a'p'V for joint A' ; 
e'b’p'g'ef for joint B' ; 
q'p'amnq' for joint H ' t 
d'e'qn^d' for joint C' ; 
cTd'Ncf for joint V. 


(fci'Vp'ft for joint A*. 
p’b'ifg'p’ for joint B*. 
niHn'p'q'n for joint IP. 
q'c'di^na* for joint U*. 


General Formula. 


T,’ •= p'F « 6 'o' . coscc b'fei' ““ (y®* + met ) , cosec f . 

“ + ^ + 1 ■ + TV^ -b w' J- coscc i = + -^ + . cosec i, {Thrvsf). 

ir « a'p' — 5'a’. cot b’p'a' = ^ -J.-— 4 . TV'^ . cot t, (Tenslori). 
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TLis might of course bo done m many ways; tho simplest way appears 
to bo to add the Bars G'il", to diride the open quadrilateral into 

triangles (tbo only form which with *‘/rce joints *' can resist Load dis- 
tributed in any manner whatercr). 

N.B. — One only of the Bars C'AI', (Tit' is essential to ccinihbrium, but it i? nsnal 
to add both for tho sake of symmetry : bat cren then, one only of these bars is relied 
on for resisting the AVind as blowing from tho right, and t/te other for resisting Wind 
from the left, so that in drarcing the Strcss-dingrani for Wind from the right ns in 
figure, one bar is neglected { and similarly if a special Stress-diagram bo drawn for 
Wind from the left, the other bar wonld be neglected. But there is a further analyti- 
cal reason for introducing onhj one of these bars at a time, viz , to avoid tho difScalty 
of tho “Indeterminate Problem *' (explaineil in Art. 57G, q. n.), which would bo intro- 
duced, as will bo seen on nctnal trial, see below. 

It is optional which Bar shall bo introdneed on each occasion. In the Frame- 
diagram {Tig 25 (tf)) for Wind from the right, tho barC'M'isIntroduced j and C'il' 
will bo considered as introduced solely for resisting Wind from tho le/i. 

StretS’diagram construction.— The bar Chi* having been added, there will now bo 
no didiculty in drawing the Stress-diagram (.Fig. 25 (r^). Tbo Polygons of Forces at 
the joints taken in succession arc 

nt joint A' ; ray* at joint A*. 
inb'p'qm at joint B' j at joint B*, (unloaded). 

gp'snq at joint M'> mp‘en at joint M*. 

A'/?.— Had the bar C'il' been incloded (as well as Cil") in the Frame, then at tho 
joint 51' there would hare been more than two unknown Stresses, \ii , those on the 
bars M'AI*, 5I'C*, AI'C' to determine, a problem which has been c;cplnined to be 
indeterminate (Art, 570) i nor could this dilTieulty be avoided by taking tho joints iu 
any other order. Tlie remaining polygons nro 

i*m7«cri' for joint <7; rep'a'r for joint C", (unloaded). 

a'l'ra’ for joint V, 

The check on the work is obvjoos. 

T*ote. — With Wind blowing from the left, the Bar 0*51’ is introduced and C'51* is 
omitted for reasons above explained j tlie Stress on tho Bar Cbl* will from the 
symmetry of tho figure clearly be the same ns that on C'M' under Wind from the 
Both these bars « III thus bo foanil to bo in compression : if Interchanged, they would 
bo found (by constructing new Stress-diagrams) fa tension. 

General Formuhr. 

T,' ssyj’6' •= *6'. cot *p'5‘ o (K' — cot f,(7^mf), 

IT = *y *5'. cosec epl/ (R' — . coscc i, (Tension}. 

S' 5= r’q tm jN . cosec jp'N ~ , coscc 2 i, (Thrust). 

W' 

Q ss fn — p J. sin S'.ain i . see », (rmioa). 

T,* T,* w p’a’ « a'n . etwee a'p'm ~ . cosec 2 f, ( T/irusi) 
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w 

T|* • M* B a'£*, tOBce riVt* .«j«cc 2«, 

T|' » rl* ■- a*i’ . cot a'rl* a^.cotSf, 

n M cn tp' — pn ■* ir — S', cos i coscc i, (Tension). 

II* ca tp" ■=> xm co^cc sp‘Bi mm ^R' — . coscc I, iTenilon). 

S =:S',S* = 0.Q* = Q’. 

li, ss rr s= cf*. cot fr/»*«aQ* . foti ^ coscc I, (TArttsO* 


Caotios to Stcdests. 

Tlie following mistake la very frequently made by beginners in finding 
the Stres«C8 in Trusses by Method i, (Method of Hcsolution). 

Tsko the eiraplc case of the simplest Truss, Ftff. IC (a) IlaTiDj ascertained the 
S' nqulralcnt lead "on the series (k*)!® tx they proceed to say that 

"The Stress dorm VA' or VA*/*ro<l««<l hy ^ is clearly (?) equal to the resolved 
W W 

part of — in those directions, i e., to — am i Now this is only partly tme, i. t , 

W V7 

~ sin f is only a part of the Stress prodoced by the Load — : it ought to he evident, 

from mere Inspection, that the “ Direct Ilcsistances ” of the rafters AV, A*V at the 
W 

point V must nceCisnri/y be both greater than because neif Aer of them directly 


. W 


. W 


w 


oppose the Load whereas the rcsnlt — am s obtained above, is less ttig n 
(becanse sin • is necessarily < 1). 

The fact is, that the Direct Ilcsistances of A'V, A* V at V must bo exactly eo much 
W 

greater titan the (Vertical) Load that the sum of tA«r vertically resolved parts 
W 

shall balance — , i. e., 

T cosA'VII + T'cosA'Vn =(T' + T*) sm i = ^ (i). 

But inasmneh as their horirontatlyxesolved parts must balance each other to main- 
tain equllibnom at V, 

T’ sin ATn 


T* Bin A'V!!, whence T' = T* .. 
W 

Hence from 0)»T' ®=-j- cosec « *=T 


(H). 

(lii). 

Obsen e that this result is the same ns obtained in Ex. (1) of Method ii. 

The mistake alluded to can never occur to use of any graphic method (this is one 
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grcflt advantage of ilethod ii), nor ean it ocenr if the partlcnlar train of reasoning 
adopted in this Treatise (see Ark 582 — (1) and (4), also jnst stated above) be inva- 
riablj followed, when nsing the “Method of Resolution” (Method i) viz., of dedne* 
ing T, T" from the fundamental equations of cqaaUbrinnj, f, e , 


Snm of Tcrtically resolved parts of i 
the Stresses T', T", 1 


ss VcrUcat Load, 


(i). 


Snm of horizontally resolved parts f = Horizontal Load (if any) 
of the Stresses T , T*, i = 0, if there is no horizontal Load. 

Any method of equating resolved parts without ditiinctly expressing the conditions 
of equilibrium is verjf Halle to error. In graphic methods these conditions arc satis- 
fied by the act of construction, which (when complete) generally renders errom evi- 
dent to the eye. 




Note to Method ii.-— This method styled in this Treatise the “ Polygonal hfetbod ” 
is due to Professor CIcrk-hfa.xfvclI ; it is hence sometimes described “ as Clerk-Max- 
n-ell’s Method." 

The germ of this Method is contained in the following proposition in Rankine’a 
Applied Mechanics (Art. 160), viz , 

“ If lines radiating from a point he drawn parallel to the lines of resistance of the 
*' bars of a polygonal frame, then the sides of any polygon whose angles lie in those 
” radiators represent a system of forces, wbieh, being applied to the joists of the frame, 
*' will balance each other, each force being applied to the joint between tlie bers which 
“ arc parallel to the pair of radiators that enclose the side (of the polygon of forces) 
“ representing that force. Also the lengths of those radiators represent the stresses 
“ along the bars to which they arc parallel.” 



CHAPTER XXVI. 

TRANSVERSE STRAIN. 

iV^actf.—This Chapter also has been re-written,* bnt in conscqnence of the Tcry 
nrgent demand for the Treatise, its scope has been limited nearly to that of the simi* 
lar Chapters (XL and XII ) of the last (2nd) Edition, viz., to the airaple formnljc tof 
Breaking Weight, and to Barlow’s simple dcfleaion-fominlie. The snhjeet of Trans* 
verse strain generally, will he continuedf in the 3rd Edition of the 2nd Volninc. 

698. Transverse Strain— Any piece of material loaded trans- 
versely, I. e., in tTbich tbo Re-actions of the supports do not dh tethj oppose 
the Load, is said to bo "strained transversely”, or to be under TRAMB^ERSB 
Straix. 

599. Beam, Girder, Cantilever.— Any piece of material under 
Trausverso Strain is called m central a Cbah : a large or composite Beam 
is often called a Qirdsr. A Beam firmly fixed to one support only, and 
loaded AoyiTbere over the projecting portion is called a SESti-aiRDER or 
OaifTlLEYEtt. 

600. Horizontal Beams. — The Bcisis in ordinary nsc in Engi- 
neering are usually horisontat, and laid cn horiiontal tvppcrts It will bo 
convenient (for brevity) to confine attentiou to these; acconlingly iho 
term Beam in this Chapter is to be understood as “ Ilorizonlnl Beam on 
horizontal supports". 

[A’J7. — This hmitation is solely to avoid drcomlocntion : the principles ta this 
Chapter arc applicable, tnmtatis mmlandu to Drams m any position], 

601. Transverse, Direct, Twisting-Strain. — The whole of the 
Exlcmai Forces or Loads applied to a llurizoutal Beam may clearly bo 
resolved into three acts 

I*. Vertical.— T iiese alone produce Transverse Strain ; the investi- 
gation of this Trassterse Straii* alone will be treated in this Chtjtler. 

These also prodace Twbtiog Strain, bat aelioca to any great extent la ac- 

tnal Engineering Stmetares]. 

* Dy tSi* — — - astber. 

t Al» ta the BCw OoUeiv VanaaJ cf Arrlbt n aeb a r Jes. 
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®^o"S Beam). — These prodaco 

*'* c StnsB along the Beam, irliich hare been fnlly considered 

- r'Vs'’teP 

*” , 'g^^j^^j^^iL-i^KSTERsc. — ^Tljesc prodnco TirLstiDg Strain, bat 
itj'm *0 anj^reat extent in actnal Engineering Strnctnres, 

^ 602 Mode of support. — The mode of support of a Beasr has an 
•'nocriant influence on its Strength, eee Table in Art. C07. The follovring 
teTTOS will be cmplojed for brevity to distingnish the usual modes of sup- 


port :— 

1 ' Ci.NTiLEVER. — Fixed at ono end. 

2 *. ScprouTED Beait.— -S upported freely at both ends. 

S*. Fixed BEAJt.— Supported and fixed (in direction) at both ends. 

4*. SerrouTED and Fixed Beam.— S upj>orted at both ends, and fixed 
(in direction)' at one end. 

603. Bending, Flexure, Deflexion. — TI jc principal o5.«envd effect 
of Transrerso Load on a Beam is Bending, Fle.ture, or Deflexion. Some 
of the laws of flexure will be stated hereafter. It is snfllcient to state 
here that the Dcflc.xion is generally greatest at the point where th6 
Bcsnltanl of applied external Loads acts, i. r., opposite the greatest Load, 

604. Nature of Transverse Strain— A simple e.rperiment will 
show thot Transverse .Strain L of coniple.x character, and resohablc into 
tlic simple strains of Tension, Pressure, and Shear, prodneing, therefore, 
fiV7jw//i7«rwi/y Tensile, Crushing, and Shearing Stresses in the material. 

605. Breaking Weight, Working Stress.— Tlic design of Beams 
to resist Transverse Strain admits of two di‘«ttnct methods of treatment. 

(i) . From the Breaking Weight, or Load which applied transversely in 
a given manner will Ircul the Beam itrrttss. 

(ii) . From consideration of the atmpU Strcs'c^, i. t , by resolution of 
the (jTect of a Load a]>{iUcJ tromvtrscly into tlie fimp/e Strc«-C5 (Longi- 
tudin.nl, I. e., Tensile and Coropre«sirc; and Tangential, i. e., Shearing) 
which it actually prodnees in the diflerent p.arts or pieces of the Bearn, 
wliicli arc therefore the “ Working Strosics ” on lho«e parts. 

COD- Ci'fnparisoTi of J/rMo/fj— (ij. Method i, of designing from (he 
Ilrcal.ing Weight which applieil transversely would Irtnl: the Beam across, 
in by far the sinijdcr, and more rapid way, but it is entirely ilepondcnt on 
on Beams of #tmi7or /ihd, ri;/u7<ir/y loatUd, and js, therefore, 
not c.a;ily nusccptillc of generalization to Beams rfifirml and difcrtntl^ 
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loniM to those ciperimentot! on. It Iim nlso tbo adranlngc, when Umiltd 
to tlie cU<s of Beam anil particular loading experimented on, of being in- 
depemient of anp litpotlir«ei to the state of ntrain. On account of its 
rimplirity, tins method is recommended for unimportant cases in srhich 
economy of material is not of mncli importance (c. ff., in solid wooden 
Warns or joists). 

(ii). Method il of designing eoeX portion of a Beam to bear the "Work- 
ing Stress that nctuslly falls on it is (except for solid sections) the only 
really scientific method, i. c., the only one by which an economical orranje- 
mmt of material c.sn W made. It is far more difllcnlt than Method i, and 
os vfyifiUy applied is ttrictly only applicable to those materials for which 
the moduli of direct fi* e., Tensile and Crushing) EKstieity are nearly eqnal 
(I^ = fJ«). Tliis last objection is not inherent in the method, the princi- 
ples of which arc broad enough to embrace any material, bnt the nsual 
(almost nnircrtal) mexle of its application does so limit it. This mast bo 
carefolly borne in mind. 

A— This methoil will be folly treated of in the Snl Edition of VoL II of tins 
Treatise). 

Mernon (i) 

607- The formnlrc of tins method all gire the Breaking Weight (P). 
With these must of conrsc be combined the fnmlamentnl formula;, 

P s= «W,or P = s'W' + i" W*, ....* (1). 

of Art. 457, when the Working Load (IT) is in question. 

608. It has been ascertained tiptt imenf, that in Beams which are 
timilar, simtlarli/ loaded and supported, the Breaking Weight varies as 
the breadth and square of the depth, and mrerse/y os the length, i. (for 
Notation, tee Art. 4G1). 

P a ^ . or P = (.ooslmil) X ^ (2) 

Pt’.B . — This constant is of course derived fromcTpcriDiciit; the Resnlt(l) 
furni'hes at once the Breaking Weight (I*) of Beams similar, similar- 
ly loaded and suppoited to thosv foe which the aboie “eofiitont” has been 
determined by experiment (but of no others). 

This “constant” has been commonly recorrfed only for one case for whuli 
it is called the “ Jlcdulns of Rnplnre”, thns 

— “Modulus of Rtiplnrc”, or “Modulus of Transverse Strength ”, 
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2*. Hoiiizo>rTAt.-IiONOitcDiNAi. (i. e,, along the Beam). — These produce 
direct Strain and Stress along tho Beam, irhich Imre been fully cousiclcred 
in Chapter XXV, 

S*. HoRizoKrAL-Tn.iNsvERSE. — These produce Twitjting Strain, but 
seldom to any great extent in actnal Engineering Structures. 

602. Mode of support. — ^Thc mode of support of a Beasi has an 
important influence on its Strength, see Table in Art. C07. The following 
terms will bo employed for brevity to distinguish tho usual modes of sup- 
port:— 

1\ CAKTfLEVER.— Fixed at ono end. 

2*. Sun-oiiTED Beam. — S upported freely at both ends. 

8*. Fixed Beam. — Supported and fixed (in direction) at both ends. 

4". SurpORTCP and Fixed Beam.— S upported at both cuds, and fixed 
(in direction)' at one end. 

603. Bending, Flexure, Boflexion.— Tlio principal oherved effect 
of Transverse Lead on a Beam is Bending, Flexure, or Fc/lcxion. Some 
of the laws of flexure will bo stated hereafter. It is snfScient to slate 
hero that tho Deflexion is generally greatest at tho point where tl:6 
Bosnltant of applied external Lo.ids acts, t\ e., opposite tho greatest Load. 

604. Nature of Transverse Strain. — A simple experiment will 
flhow that Transverse Strain is of conijdcx clmrncler, and rcsolvablo into 
tho simple strains of Tension, Pressure, and Shear, producing, therefore, 
eumUancously Tensile, Crnshiiig, and Shearing Stresses in tho inatcrial. 

605. Breaking Weight, Working Stress. — The ilesign of Beams 
to resist Transverse Strain admits of two distinct methods of treatment. 

(i) . From tho Breaking Weight, or Load which applied tratisvcrscly in 
a given manner will IreaK the Beam across. 

(ii) . Frotii consideration of the aimjile Stresses, i. e., by resolution of 
the eject of a Load njipHcd traii>\ ersely into tho eimj>le Stre^’ses (Longi- 
tudinal, I. e., Tensile and Compressive; and Tangential, i. e., Shearing) 
which it actually produces in the different jmrls or pieces of the Bearn, 
which arc therefore tho “ Working Stresses *’ on tho ‘'0 parts. 

COG. Coinparisen of (i). Sfclhod i, of tlenlgfiing from tho 

Breaking Weight which applie*! transversely wouM Irenl. the Beam across, 
i< ly far the .simjdcr, and nioro rnjdil way, but it is entirely dependent on 
erptninent on Beams of eiinilar liniJ, similari/f loaded, nnd is, therefore, 
not c.suly htisccplilile of gcncralmation to Beams dijerent and dijerently 
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loaded to those experimented on. It has also the adrantage, when limited 
to the class of Beam and particular loading experimented on, of being in- 
dependent of nnj lippothrses as to the state of strain. On account of its 
simplicity, this method is recommended for unimportant cases in which 
economy of material is not of much importance (e g., in solid wooden 
beams or joists). 

(ii). Method ii of designing each portion of a Beam to bear the "Work- 
ing Stress that ncUwlly falls on it is (except for solid sections) the only 
really scientific metliod, i. e., the only one by which an economical arrange- 
ment of material can be made. It is far more dillicnU than Method i, and 
as usnalhj applied js strictlg only applicable to those materials for which 
the moduli of direct fi. e., Tensile and Crushing) Elasticity are nearly eqnal 
(Et = Ee). This last objection is not inherent in the method, the princi- 
ples of which arc broad enough to embrace any material, but the usual 
(almost unirersal) mode of its application does so limit it. This must be 
carefully borne in mind. 

[iV. i7.— This method will be folly treated of in the 3rd Edition of Vol. II of this 
Treatise]. 

BlETIfOD (i). 

607. The fonnulse of this method all gire the Breaking Weight(P). 
With these must of course be combined the fundamental formulro, 

P = sW.or P ss a'W' -I- »" W', ....'. (I). 

of Art. 457, when tbe Working Load (W) is in question. 

608. It has been .ascertained bg expet tment, that in Beams which are 
similar, similatlg loaded and supported, the Breaking Weight varies as 
the breadth and square of the depth, and interse/g as the length, i. e., (for 
Notation, see Art. 4C1}. 

P Qc ^ , or P = (loiiMaiit) X ^ (2) 

— ^Tliis constant is of course derived from expennienl : the BeRnlt (I ) 
furni'hes at once tlie Breaking Weight (P) of Beams smnlar, similar- 
ly loaded and suppottsd fo ibose for which the abose “ron'lanl" has been 
determined by experiment (bnt of no others). 

This “constant” has been commonly rrconferl only for nne case for ithuh 
it is called the “Modnlns of Buplnre” tlms 

^ — “Modulns of Biipturc”, or “ Modulus of Transrerte Slrengtli **. 
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2". HonizoNTAL-LoNQiTDDiNAL (i. fi., aloDg the Beam). — These produce 
direct Strain and Stress along the Beam, which have been fully considered 
in Chapter XXV, 

3% Horizontal-Transverse. — These produce Twibting Strain, but 
seldom to any great extent in actual Engineering Structures. 

602. Mode of support. — The mode of support of a Beam has an 
influence on its Strength, see Table in Art. 607. The following 

terms will be employed for brevity to distinguish the usual modes of sup- 
port: — 

1®. Cantilever.-— Fixed at one end. 

2®. Supported Beam. — S upported freely at both ends. 

8“. Fixed Beam.— Supported and flxed (in direction) at both ends. 

4®. Supported and Fixed Beam. — Supported at both ends, and fixed 
(in direction)" at-one end. 

603. Bending, Flexure, Deflexion. — The principal oJscrred effect 
of Transverse Load on a Beam is Bending, Flexure, or Deflexion. Some 
of the laws of flexure will be stated hereafter. It is sufficient to state 
here that the Defiexion is generally greatest at the point where the 
Resultant of applied external Loads acts, i. e., opposite the greatest Load. 

604. Nature of Transverse Strain— A simple experiment will 
show that Transverse Strain is of complex character, and resolvable into 
the simple strains of Tension, Pressure, and Shear, producing, therefore, 
svnuUaneouslij Tensile, Crushing, and Shc-iring Stresses in the material. 

605. Breaking Weight, Working Stress. — The design of Beams 
to resist Transverse Strain admits of two dLstinct methods of treatment. 

(i) . From the Breaking Weight, or Load which applied transversely in 
a given manner will Irealc the Beam across. 

(ii) . From consideration of the simple Stresses, i. e., by resolution of 
the ej'ect of a Load applied traii&vcroely into the simple Stresses (Longi- 
tudinal, t. Tensile and Compressive; and Tangential, i. e., Shearing) 
which it actually produces in the different parts or pieces of the Beam, 
which are therefore the “ Working Stresses” on those parts. 

606. Comparison of Methods — (i). Method i, of designing from tho 
Breaking Weight wliich applied transversely would i;coi* the Beam across, 
is by far the simjdcr, and more rapid way, but it is entirely dependent on 
ixpervnent on Beams of similar itinrf, similarly loaded, and is, therefore, 
not easily finscepliblc of generalization to Beams diferent and diferently 



TnAssTrn^E strain. 


SSS 

tonded to those experimented on. It has also the adranlngc, nhen UmiUd 
to the claAs of Beam and particular loading experimented on, of being in- 
dependent of anj lijpothesea ns to the slate of strain. On acconnt of its 
simplicitj’, this method is rceommemlcd for unimportant cases in which 
economy of material is not of mncli importance (e, g., in solid wooden 
beams or joists). 

(ii). Method i! of designing rocA portion of a Beam to bear the "Work- 
ing Strc's that actually falls on it is (except for solid sections) the only 
really scientific method, i.e., the only one by which an economical orran^e- 
tnenl of material c.an be made. It is far more diflicnlt than Method i, and 
as vsuallif applied _is ttricllg only applicable to those materials for which 
the moduli of direct fi*. e., Tensile and Crushing) Elasticity are nearly eqnal 
(Ei = /'!,). This last objection is not inherent in the method, (he princi- 
ples of which arc broad enough to embrace any material, bnt the usual 
(almost unirersal) mode of its application does so limit it. This mast be 
carefnlly borne in mind. 

i^.^Tbls meUioJ will be follj treated o( in the Srd Kditien of Vol. II of this 
TreaU«e]. 

MeiiioD (i). 

607. The fonnulie of this method all girc the Breaking Weight (P). 
With these mast of coarse be combined the fundamental formnise, 

P as sW.or P = a'W' + s' W', (I). 

of Art. 457, when the Working Load (W) is in qnestion. 

608. It has been ascertained hg expenment, that in Beams which are 
eimtlar, similarly loaded and supported^ the Breaking Weight raries as 
llie breadth and square of the depth, and inierseh/ as the length, t. e., (for 
Notation, see Art. 4C1). 

P « ^ , or P = Uonstnnt) x ^ (2) 

A’.B.-^Tliis constant is of conr«e deriro<l from experiment : the Result (I) 
fnnii'hea at once the Dreakinq Weight (R) of Beams similai, similar- 
ly loaded and suppoiied to those for which the abote “constant" has been 
determined by experiment (bnl of no others). 

This “constant" has been commonly rccorrferf only for one case for whkh 
it is called the “Modnlns of Rtiptnre”, thus 

— “Modulus of Rupture”, or “Modulus of Transverse Strength 
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s= Weight (ill pounds) ivliidi, applied erenly ncross t\ic middle of n 
stvatghf horizontal mifornt Beam q/'l*' X 1* scantling, simply laid 
on two supports 1 foot apart (in the clear), will just break it. 

Then, for such Beams (f. c., of uniform rectang^ilar section, so loaded and 
-supported). 

(s). 

is ascertained ly etperineni as set forth : it is tccorded only for Tim- 
licr } for its ralncs for Indian Woods, tte Chapter V., Sec. L For other Woods and 
other materials, the vnlncs otfi z= 18Pi»* art recorded in Appendix IT. 

It has also been found hy experiment that the “ Ultimate TransTcrse 
Strength”, or Breaking Weights of similar Beams differing as follows in 
their Coad and mode of Support are as shown in the following Table. Tho 
Table shows the ratios of the Breaking Weights of similar Beams (of any 
form), and also the actual value of tho Breaking Weight (P) in pounds 
for Beams of uniform rectangular cross-section. 


Cue 

Bchib. 

Support. 

Lood. 

1^1- 

fill 

e C — 

a— 

CrcftVInif Welghtt (PJ 
in )M>uodt for onlfonu 
rectkngnlu Beams. 

1 

i 

Cantilever 


At free end, 



m- 

li 

Sctniginler. 

ODCcnd, ^ 

Uniform, 

i 

i Pb . ftd* -f* L 

(6). 

m 



Atmiddie, 


Pi, . icP -t. L 

TO. 

ir 

Beam, 

Freely snp. 
ported at . 
both ends. 

Uniform, 

2 


cu- 

V 



At point.*',*' 
from either end, 

L. 

4 ar’x" 

1 Pb . i'd’ I* (*'*'} 

(8). 

yi 



At middle. 

9 


(9). 

tii 

Beam, 

Fixed at . 
botii ends. 

Uniform, 

3 

3 pb • id* -1- L 

(10). 

tiis 



At point *■', 
feet from either 
i end. 

3 L« 

« ' «**' 

iPb.i^PL 4- (,-*-) 

(11). 


• Tbeilrflnltionof A inlriiUnati^ ol tberrUUonA 18 fh will be Rlrni In the SnJVolnme 
ef thl* Trnitlw (9M Cl.), an 1 In the ColIr(« Mwinal «! A|>{•ll^l aircluinlom 
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609. Fixed BgjUq.— ' 16 irould appear from comparing Kesniis (6, 
7, 8) witli (9, 10, 11) respeclitelj that Uic Ultimate Strength of a support- 
ed Scam was in each case of Loading set foitli increased by fixing its ends 
in the ratio 8 : 2. These Itcenlts ( 9, 10, 11) arc quoted from Barlow’s 
Strength of Hatcriali:, Ed. 1845. BesuU (9) was obtained by P. 
Barlow actual experiment on Ultvnate Strength (Breaking Weight), but 
the evidence of Bcsults (10), (11) is not stated. Kcsnlts (9) and (11) 
dtfler remarkably from the corresponding Results obtained by Method j*i 
for the Working Strength, that is to say Uic Working Strength of Fixed 
Hearns does not appear to be connected with the Ultimate Strength by 
any such simple relation as P = sW, or 

“Ultimate Strength =s Constant (factor of safety) ^.Working Strength” 

As the Working (not the Ultimate) Strength is the only important 
question iu Engineering, the real ttUlily of Results (9, 10, 11) seems ques- 
tionable. 

[A.^.—An lorestigntion is given In Barlow’s Essay on Strength ami Strew o( 
t[Aterlal9(182G), amt Treatise on Strength of Timber, Ac. (1845), pDryorting (o show 
that the ratio ought tn be 3 : 2 for the Working Strength of Cases iit ami vi, bat the 
proof !i For a foil discussion of the evidence of Rcsolts(l7, 10, II) see 

raper LIL of " Professional Paperi on Indian Engineering,” Second Series, 1872, 

On Beams Fixed and Sopported ” by the present writer] 

610. Application to 2'in«ier.— TIio TaUo gives all that is ordinarily 
rcqnired for Simple irooden Beams of uniform rectanjutar cross-section 
(the usual form), «. e., it gives for the eight ordinary modes of Load and 
support. 

(1) . — The Breaking Weight (P) and Working Load (W) for a given 
Beam (in which b, d, I arc known). 

(2) . — The value of icP for a Beam to cany a given Load W (t= P -r * 
rr factor of safety, ArL 457). 

The value of cither bar doe flic ratio b;<f is Bsnilly fixed from prac- 
tical considerations, thus 

1*. In flat roofs the breadth b of flio joints on which the bricks or tiles 
is generally made 3 inches, thns giving inches bearing to each brick 
or tile resting on it. 

2*. The ratio b : d may be conveniently taken as I : or ss 2 : 3, rf 

being generally taken > h becan«e the Ultimati STersoTn ("bich is 
measured by the Breaking Weight or Ultimate Re‘islanee, Art. 45C-1) in- 
creases as the square of the depth, Le. much more rapidly with the dp| ih, 
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fomnl.x togetyier, Ixcan^c jn onlcr that formnla: may lie tiscil io^ether, i. e., tliat they 
may form t'lf'ivUnneout equations, tho eondtUons nndcr uhicli both arc nppllcabte 
inu»l be ob'cncd. 

In minf: these formnlx togtihtr therefore, the Breakin;; weight (P) and Modulus of 
Transrerse Strength (fb) must be tl5%ide«l by <BrA “nfactorof rafety” (r), that the 
rcsultingM’orking I/unl (W)8lmll bend (he oc/imI Beam onfy vtry that 

the ratio I ; / siiall be a very small quantity. 

If this precaution be neglected, no confidence whatever can bo pLaced in the result 
of combining the equations of Art. COd and Ctl, as if they were simultaneous 
equations]. 

Kray's .\rtlhod.—i\. mcthoil devised by Ensign P. Kcay, was given in the prerious 
(Island 2ud) IMitions of this Treatise, and in the College Manuals on Strength of 
Materials previous to 1873, thereby it was proposed, o/trr assigning the ratio t> : d for 
Timber Ilcams from other prncticnl considerations of convenience (e. <? . ns I ‘ v^2),to 
find from the Dcflcxiou-fominla such a “factor of safety '’(*)— in this case a func- 
tion of the length I^tlmt the Transverse Strength Formulas s= ~ ^ 

should yield (Ac same resuli as the Deflevion FormnL-e. The ntlhty of this proceed- 
ing Is questionahle, be»,au«c the original IK-flcvion-Kormnla alone wuold yield the 
rriiulred result, and h ItvcU more simple than the moJi/ted Transverse Strength 
Formula propose<l for use. 

The rao<llfieation is to>nble«ome. and is (herefore omitted from this IMllIon, 

It may lie here stated that objections have t>een mived to Mr. Keav’s method onf Aro- 
retleuf protinds la “ Profcsdonal l*o{«erson Indian Ihiginecring,*' Second Senes, No* 
VHI,“On Dcficvioti of Timl>er and Factor of Safety” by the late Mr. Valentine. 
Mr. Valentine's own paf-cr is however so full of theoretical mistakes that no eonelu. 
lions can Iw drawn from it. It may al«o be stated that Mr. Kray's method really did 
cfTeclthc object pnijKHC'l.and that, If tlicTransTer«c Strcugtli rormiilais u«cd ns ntoco 
,, /„p 

tttf>irth W ('•‘*1 the strain confined trithin thr limits of Klavtieity) and the 

ratio t : l\>o cho«cn (as It always Is) it rrryiatall quantity, the condition of Art, CIS 
(vix , that the Bc.sm l>e cniy ihyhlly 1x01) is that the Kormul.x of Trans- 

Tcr»r.*’lfrwj:lband IVflcvion arrnn'br thevai»<'e»ii*Ution*, and Ihere/orc arc 
eous, am! Mr. Keay'a nirtlio*! Is onobjectlouable. 
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MAKUFACTURE OF CEMENT IN INDIA- 


Is connection with the “ Roles for Mannfactnre of Cement in India,” 
printed on page 120, the following additional notes by Col. H. A. Brown- 
low, B.E., and P. Dejonx, Esq., will be found interesting and instructive. 


Rmerhs on Col E. A. Brotenlotc's Btport ly P. Bijwx, Etq. 

The rates estimated by Col. Browntow for cement delivered in Delhi 
are very correct, but it will not do to calculate on more than 4 cubic 
feet of cement m pretty good order in a cask, as the remainder will he 
found spoilt during the shipping, or daring transit from Calcutta to 
Delhi. 

I have myself received in Calcutta nearly 10,000 casks of cement, and 
from experience I always found an average of 4 cnhie feet of cement in 
good order per cask. 

Accordingly the rate of Portland cement at Delhi should be 5'CG, 
instead of 5*2. 

I do not quite agree with Col. Brownlow as regards the advantage 
in India of using clay and pore slaked lime instead of clay and cAatb. 
Wilbout considering the increase in the cost on account of the doable burn- 
ing, I think the burning is always more dlfQcult in one case than in the 
other, and the tenacity of the cement is never so good. 

If a prejudicial action takes place on accouul of the Oiyde of Iren, I 
would advise the use of clay either entirely free from, or contaLiiag a 
email portion of it. 
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(5) . Cmfnt of JJovlo^t . — ^Tlio best marljr clay nsed in France is that 
fonnd in Boulogne, with wliicli Messrs. Bcmarlc and Co., manufactare a 
cement in bigb demand in France. 

I have been u«ing it in large qaantitics for three years in the mannfac- 
tnre of artificial stone (Coignet’s system), and found it even sensibly better 
than the Portland cement of Messrs. White Brothers, trhich is consi- 
dered as one of the best sort in Pngland. 

Tlic Boulogne marly clay contains from 19 to 25 per 100 of clay. 

Every sort of clay containing more than Jth per 100 of sand is to be 
rejected. 

To be certain of a good homogeneity the clay is pnlverized and mixed 
with water in vats, the water is then removed by decantation, and the 
clay being thus by evaporation in a sofficicntly stiff state to be moulded, 
balls arc made of it and bomt in a kiln up to a nhitc heat. 

The white heat is necessary for tbe spreading of the bad parts, which 
arc picked, and rejected carefully after the burning. 

The cement is afterwards ground in fine powder, and sifted through s 
tiero of 00 meshes to 1 inch. 

(6) . Ctment m the neijhbmrhood of Pans.— Sometimes clays may be 
found homogeneous enough to enable their being burnt withont the 
process of either pulverization or washing. The clay found near Paris 
contains about tbe same proportion of Silica and Alumina as that of 
Bonlogne. Such descriptions of marly clay are found (in beds) close to 
the beds of Gypsum (or Sulphate of Lime); great car© must however be 
observed in selecting them to avoid the mixtur© of Gypsnm with them. 
These may bo burnt in their natural state, and treated after the same 
manner as the cement of Boulogne. 

The best factories are those of 5Iessrs. Barbier and Co. at Paris, Chronne, 
and Argcntcuil, Messrs. Slacker and Lelcllier at the Butts Chanmont, 
the Moulineaux and the Hainey. 

I used these cements, particularly the first sort, for the building of 
several miles of sewer in Paris, and found it not much inferior to the 
English Portland. 

(7) . ilarly clat/s . — I feel almost sure that marly clays of about the 
game composition as those of Boulogne or Paris may be fonnd in the 
proximity of many lime quarries now existing in India, and I opine there- 
fore that a careful search will enable the discovery of materials well adapt- 
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Paper! hj r. DejouXf iVj., on Manvfacltire of Lime, Mortar and Con- 
crete in Penpal. 

SlAxcrAcrcf.n or onoorrKO Ltuc.*— Ltme as a rnlc ocglil to bo sifted 
fine cQOQ^h to be free of a!! aabarnt or orerburnt particles ^htcli do not 
flake immcdtatcl}*, bnt winch may stake after a certain time, and conse- 
qncnlly tnayinjarc thoqnality of Iho mortar. 

As ghooting lime, from want of homogeneity, can nerer bo well burnt, 
a fine sifting of the lime after slaking will largely increase tho cost of the 
lime. 

grinding the lime and the unbnmt portion; which ought to pass 
through a siero of 8 meshes to one inch, somo of tho parts not slaked 
may act as cement, while others will remain inert. 

It may happen that in the case of the presence of Chaux limita] (Argil- 
laceous intermediate limes), some other parts slaked a long time after, and 
falling In powder may disintegrato some portions of the mortar. 

It is, howerer, Tory dlfCcuU to ascertain the presence of the chaux ImiUs, 
Int os far as I can judge, I do not think there is much probability of 
Coding them amongst the generality of ghooting. 

My opinion howerer, is, that the best end cheapest way to deal 
with tho manufacture of ghooting limestone consists in the following 
plan ; — 

Isf.— To burn tho ghooting limestone in a kiln, as per Plate XVIIIo. 
Before burning, the kiln must be, if necessary, carefully plastered, both 
ouUide and inside, with a mortar composed of four parts of clay and 
one of lime. First a layer of C inches of coal is to be put, then D inches 
of ghooting, then 3 inches of coal, and then 9 inches ofrghootiog, &c., 
itc.; the last layer must be of ghooting proceeding from the last burning, 
and whicli not being perfectly burnt is generally called “refuse ghooting.” 

'With some limestones 2 inches of coal will EuiHcc. I hare noticed 
that, owing to kilns being built generally in a careless manner, the loss of 
caloric must bo enormous in tbem. Tbefiring of the kilns may bo begun 
when three layers of stone haro been put in it, A portion of tho open- 
ings may bo shut, learing sufficient room for ventilation according to 

• EcngslU for “ knnkur lime," contuliilog S6 to *4 per cent, of cl»y, 

f An ciplanation of this term will b« foond la Vicat on Llmea and Cements CAaitr limUts are 
limes obtained from stones containing too large a proportion of clay to Us hydranlie luncstoncs, and 
too amali a proportloo to bo cement ftooesL 
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the state of the weather. It will be adTis.ahle, ns a prevcntiTe against the 
effect of the stormy winds, when the fire is likely to arrive to the upper- 
most layer, to have screens of corrugated iron put on the top of the kiln 
in the direction of the prevailing wind. Lime is frequently very badly 
burnt, solely from want of this precaution. When the unloading of the 
kiln is commenced, the iron bars are to bo taken out, and then ^rd of the 
total height of the stone Jnside may be discharged, and the kiln reloaded. 
It will bo advisable, when the kiln is in full blaze, to refit the bars every 
eight days, and by such means to remove the ash from the ash holes, and 
enliven the fire. 

2ne?. — As soon as the lime is burnt, it is to be taken out of the kiln im~ 
niediaiclj/, and the stone separated from the ashes. The limestone is then 
set against a wall in layers of about 4 inches. On each l.ayer water is to 
he thrown by means of garden watering pots. A heap of about 5 or 6 feet 
high may be made, and the ghooling may be left in this state for about 
four days ; the top of tbo heap should be watered a little on the second 
day. After the expiration of four days, it must be sifted through a sieve 
of 8 meshes to one inch. 

It will be judicious always to put the burnt stone in large and high 
heaps, because by this being done, the heat will be concentrated, and the 
slaking facilitated. As regards the sifting, I think for large works it will 
bo better to use a revolviog sifting maebino as used in France. 

Brd. The lime will then be pulverized in a soorkee mill separately, or 
mixed with the sand necessary for the mortar. 

Sand mortar. — T xcould advise the use aheays of sand, instead of soorhee, 

* The ftd>i$abilit5 of this depends entirely upon nature of 
lime. " T.speriments show that a mortar coin]>oscd of one 
Yolamc of fat lime, and two Tolomcs trass is injured if a por- 
tion of tbo trass be replaced by eand.'’ Gillmorc, para. SCO. 

to be used only when 6.ind cannot be obtained, and for this reason : 

If tho lime is very hydraulic, the soorkco which is very often made 

• May Cl cn act prcjndicially, riffe note on next page. from bricks im- 

perfectly burnt, 

acts only as an inert body; in such a caso sand, which is harder, has 
ciideiitly the advantage over soorkee j sand has also the groat advantage 
that it Is generally much cheaper. 

• Notes bj Col. IX. A. Brownlow, It Z, 


when sharp clean 
sand of middling 
size is obtainable. 
Soorkco ought 
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If tS** JiTi'' j» hjiiraiKc rn'vncti, Mitl if n') fith'T Icind of pn77iiolanii 

can I'c obtainril, 

• 71 »• f 5* In rIxSrc •! *11 wllh , , 

} rlr,-*,-!.-'- It !. mU tV rx^rMof f ire llmrlhfit r'mMnr* 
r lrr*J« 7 »^*’T viiS tV» • frrmlrc with h «tiil with first rate 

i.ri» n*!! ilim*'TtTr»Wrcih<* »ft 1 « Iiiirnt trict^, anil 

r.t,'..'. It-! 1. 1 >. r—Mr.li^.of j„. 

t’’ f"* •’’ 1 *’“*^1*« It I'l* l**V5rl,n»«lnfii«li»Utr fottimrtirc , 
t. i.-fo-rn.i1-r-Tl»..fm.«n.!l.-lir.-*nl l!,- .-^r- ra'raj>'c 
kcv, Will t»rr H fttliTlr^TT «lf<vini p iw*tlnn of iSi; will increase llio 

til 1 , —»'■—! h I-,, .-Tl- .-.I Ih- twn lijilratilirityorUiii 

^ , ’ . . j . Iimo,*l)Otasjtlias 

r**T -l f* m In •n'h with •nr tijttn'jiiri! tn 

('I'tTMiif n'TiVinj ill * *'1 Ui>>! ■»ri-»n«tr n'>*t fiUl tf» hr- been SaiJ before, 
i r*s’if ftrrrr, l>i«t InrVar I n** »*iTnl I nrtfr !■<? Ifft Jn • the aoorkec pcne- 

rl’t t’ l*T*^rw'TT I •fl»r «n Inlrr?*! ('f Hot «hnr rorc {9 pre- 

ri'h liTi* i« nl*'*l »ith 1 <m)c *nl lotininte mlstore ■ u t, • 1 

it •lrt-s»r«T«. ».*y3n- tV* ..he* Ml •lo-nln* met fjw 
t'-mwlT« frm iV* r^mVf.ttiiTn flitting In the s<virk« l<- imperfectly burnt, 
f.irr wjtirj can ft-rmnn^. It U aM «Ti-Unt that the fiorr ©n eecountof each 
the aTittlrc it t-o^'lnr'l the letter. • • • 

* bneks beinfr more 

brittle, an-l thepowiler i« alwat* !ooet>arsele act rfHeientlj b 9 a puziuolana. 

MorUf mi'le with soorfceo eeem9 after a short time harder than eand 


mortar, Lnt after a long time sand morlar, if well maJe,willbe found enpertor. 
One of the greate«l preeantlona to b« taken with land mortar is to hare 
the hn'cki or stones thoroughly soaked in water ; tho default of using this 
preotulion i< the great cause of tho apparent inferiority of the sand mortar 
as compared with the soorkee mortar, becansc the Eoorkeo retains much 
more moisture than the sand. 

Comparatircly leti water ought to bo used in tho manufacture of sand 
mortar, than that of soorkee mortar, as it ( tho mortar) must bo made to 
the conMstcncy of a plastic paste. 

Care inu«t be taken in the sand mortar, especially to prevent too rapid 
drying, bccati<c Iiydrnuhc lime being an anhydrous silicate of lime, (nith 
an excess of lime,) which gets hard by the hydration of the lime, it is eri* 
dent, therefore, that a certam degree of moisture is necessary. But water 
must, however, not bo thrown on the mortar before it has commenced to 
Bct sensilily, for the water might wash away tho lime. 

During the time necessary for the setting, the masonry ought to be 
covered cither with wet mats, wet straw, or wet sand. 


KoU bj Col. II. A. Brownlow, 11.S, 
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In tho case of ghooting lime, it is only after the fourlh day the mortar 
has been used, that Tvatering can be commenced. 

In the case of fat lime, the hardness of the lime is caused by the cry- 
stallization of the calcareous carbonate recomposed ; if the setting is allou’cd 
to take place too soon, an incomplete crystallization Trill be attained, to- 
gether ^ritb some carbonate in a polremleat state. 

In a hot climate like that in India, in the case of hydraulic mortars, 
Trhich take a long lime to arrive at the maximum of hardness, it is absolute- 
ly necessary to proceed nitb the watering until the mortar is pretty hard 
both outside and inside. 

Pu::uoIana. — ^Therc is a land of pnzznolana which is, I think Tory 
commonly found in India, in places when laterile exists ; it is made of 
red ochre earth. The ochre I received from Orissa has yielded a good 
result, and I have since found ochre of about the same description at 
hlidoapore, which promises the same results. 

By using this pnzzuolana with mortar In the following proportions 
3 Sand, « v 1 Sand. 

2 Lime, f®**! ^ Lime. 

1 Bozmolana, J L i Porznolana. 

tho quickness of aetting of the mortar will be augmented to a great ex- 
tent*, the cost of such a pnzzuolana on the spot, as far as I can judge 
now, will be from 4 to C onnas per cubic foot. 

Concrete.— In the concrete I would advise also tbe use of sand, instead 
of soorkce. 

To ascertain tho quantity of mortar necessary for tbe making of a good 

•ThtT 0 lci!>.ofEi<,rt«.hoiilil,b(».TiT, 'O”™!'. H IS ceccssaij- lo tsto o 
aln-art be Bornewbat in excess of this, to water-tight boxmeasaring onecnbic 
allow for iropcrfcct mUtarc. j fin jt 

ken etone, or pebble (which are to be used in tbe concrete), and then with 
water. The quantity of water is then to be measured, and this will be 
found equal to the quantity of mortar necessary to fill interstices. 

As regards broken bricks or stone in small piece*, the quantity of mor- 
tar required for 100 cnbic feci of broken bricks, varies from 4C to SO cubic 
feet of mortar. 

In the case of pebbles and rmall ronnd stones, 100 cubic feel of stones 
Will require from 37 to 40 cubic feet of mortar. 

• TrtstT Cct. n. A. trrratnr, tX. 
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For mining klioa or stones with mortar, I strongly ndvisc Iho tiso of n 
“ nolonnicrc "of tho kind I havo seen used in Franco, of which I annex n 
drawing {Plate XVIII6.) I gate last year to tho Exocutivo Engineer, 
Cos'iyc DIri«ion, a sketch of sneh ft “ Ilctonniere." Some were made ac- 
cordingly hy him, and hare been n'sed with groat sncccss in his works. 

Tlie mode of using such an apparatns consists only in throwing the 
materials inside hy the opening (o), and in taking care to tlirow altcmately 
two baskets of khoa and one of mortar, if tho proportions of the concrete 
are 2 to 1, and Ihns the whole cornea out from the machine by the open- 
ing {b) perfectly mixed. 

With a “ Bctonnicrc” 1,000 cnbic feet of concrete can be maaufactured 
easily per day. 

The cost of one will ho about Rs. 150. 


GcscnAi, nnuAnKo os GnooTJsa LiiiESTosEs, 

Tho nodular limestone, called Ghootinj or htnhir in India, generally 
is by its chemical properties the combination of a hydraulic stone and a 
cement stone, rather a little too rich In clay, so that when the stones nro 
not too hard to break, pnlrerizing and mixing them with sufScient water 
to form a rather hard paste, and then making small bricks or balls and 
burning them snfficiently, will enable the manufacture in some cases of 
Portland or slow-setting cement, and in other cases a kind of Roman 
cement or quick-setting cement. When the ghooting is bnrnt, as is 
generally done in Bengal, the part which is slaked when taken out from 
the kiln is tho part containing tho quantity of clay necessary to make 
good hydraulic lime ; large portions of the parts which are not slaked are 
those containing more clay and ore cement stones ; but as generally they 
contain too large proportions of clay, it will not do to bum those portions 
again, but, on the contrary, it will bo better to burn the whole until they 
cannot bo slaked. 

The following details will serre to explain my reasons for adopting this 
opinion. 

I. When I have to conduct the analysis of a stone of the same kind 

as a ghooiiog-sionc, I select from o cubic foot of stone a dozen pieces of 
different shapes, sizes, and appearances ; I pulrerize them roughly, and 
mix as much as possible the powder so obtained. 
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I talcc afterwards a small qnantity of it, and reduce it by means of nn 
agate mortar into nn impalpable powder, of which, when dried, I take n 
quantity weighing 150 grains, and it is on this last quantity that tlio 
analysis is conducted. 

II. — Proceeding in this w.ay, I found that in the Bengal ghooting-stono 
the proportion of clay various from 10‘50 to 33*33 per cent., the average, 
however, being 25 per cent. 

Now, if we look to the analysis of the lime believed to ho the most 
hydraulie of all the limes known, vi;;., the lime of Theil, (Franco,) wo 
fmd that tlio limestone from which that lime is obtained contains only 
1‘1‘90 per cent, of clay, and we may further say that few hydraulic linie- 
stoncs at home contain more than 15 per cent., and none more than 20 
per cent, of clay, 

III. *— Tlio analysis of the ghooting stones giving nn average propor- 
tion of 25 per cent., they could naturally bo taken for cement stones, but 
experience proves them to be only argillaceous limestones. 

Therefore we can only say that, if tho gbooting-stoncs were more homo- 
geneous, they could hare been classified in the category of natural cement 
stones. 

To prove tins opinion, I may say that, if we separate some nodules 
from a piece of ghooting taken in its natural state, it will bo found that 
they generally dififer in texture ond appearance, and that analysis shows 
that while some contain os much os 50 ond 55 per cent, of clay, others 
ore very nearly pure corbonato of lime. 

From tho experiments 1 have mode, I feel authorized to say that as 
regards the generality of gliooting-stones, those which contain from 20 
to 25 per cent, of clay ore very hydroulic limoslones, while those con- 
taining only from 10 to 14 per cent, nro feebly bydrnulic. 

A* regards tho«e in wliicb the proportions of clay exceed 25 per cent., 
they produce only a email quantity of lime, and the percentage of portions 
which cannot be slaked Increases proportionately with the quantity of clay. 

1 hare been able to verify the truth of these ln«t remarks in many 
places in Loner Bengal, where largo quantities of ghooting lime are 
manufactured. 

I may, however, state that some ghooling-stoncs or knnknr may bo 
found itiflicicntly homogeneous to follow the ordinary rules of hydraulic 
limestone*, Lut such may very seldom be the case. 
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IV. — When such a stono as gliooting has been well burnt, all the pro- 
portions coutnining less than 20 per cent, of clay slato when immersed 
in water, but the portions containing an excess of clay, called generally 
*' refuse ghooting" in Bengal, remain inert. 

V. — ^'ow, supposing that, after having burnt ghooting-stone containing 
an average of 20 per cent, clay, the half only of the total quantity (which 
we will suppose to be 100 cubic feet) slakes and yields an ordinary hy- 
draulic lime ; it must bo taken as a datum that this lime proceeded from a 
limestone containing about 10 per cent, of clay. 

Consequently the 50 enbie feet of refuse ghooting, which did not slake, 
must be considered as an argillaceous limestoue, containing about 30 per 
cent, of clay ; bearing iu mind that the proportion of clay in tbo total 
quantity of 100 cubic feet of ghooting was 20 per cent. 

Therefore I draw the conclusion that this ghooting must bo considered 
as the agglomeration of two diflerent stones, i. e., wbUc one yields 10 per 
cent, of clay, and produces an ordinary hydraulic lime, the other contains 
80 per cent., and may be transformable into cement. 

YL— Again, supposing that the 100 cubic feet of ghooting contains 
80 per cent, of clay, and that we obtain (after slaking) a lime very hydraal- 
!e, and 60 cubic feet of refuse ghooting, this lime, according to its degree 
of bydraulicity, must be considered as proceeding from a limestone yield- 
ing abont 16 per cent, of clay. 

It follows that the refuse ghooting must be considered as an argilla- 
ceous stone, yielding about 45 per cent, of clay, and consequently quite 
useless for the manufacture of either lime or cement. 

YII, Under such circumstances, therefore, we have to consider the 

two following aiternatlves, if it be intended to use ghooting for making 
cements. 

In the first case, if the proportion of clay in the refuse ghooting be the 
proportion generally found iu cement atones, we have only to begin by 
burning the ghooting in the usual way, then to let it slake, separate from 
the refuse ghooting the lime obtained, and to re-bum the refuse more or 
less according to requirement for either slow or quick-setting cement. 

In the second case, which is the most general, and where the propor- 
tion of clay exceeds the limit of the quantity usnally found in cement 
stones we may follow the theories of 2Iessrs. 2Iinard and Lacordairc 
(Ingenteurs des Fonts et Chaussces), who are of opinion that some argil- 
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laceons limestones, of ^hich portions contain cUy in excess, may by 
a long process of calcination with n moderate fire be transformed into 
cement. 

VIII. — The soundness of this fact was nerertheless tested by the ex- 
periment I made on the specimen of ghooting-stone A7 from Dinapore, 
as described in Statement B. 

This ghooting yielded a quick-setting cement when calcined with a 
moderate fire nntil it would cot slake. 

"We could in such a case as the last use a flame-kiln for calcinating the 
ghooting to the required degree. 

IS. — I must, however) reiterate that it will be more certain and more 
easy, principally on account of the burning, to choose, for the manufacture 
of cement, ghooting-stoncs which, containing the proper proportion of 
clay, can bo easily pulverized, and that in such a case they may be 
treated similarly as non’homogeneovs marly clay. 

In treating about ghooting limestone, I may as well state that the 
great defect in hydraulic lime extracted from it and used throughout in 
Bengal, lies from its not being sifted fine enough. Failures in buildings, 
are, I beliere, ascribable in a great measure to the mortar prepared with 
this defective lime; for straining ghooting lime properly, however, I am 
of opinion that no sieves less fine than one of 20 meshes to an inch should 
bo used. 

In order, therefore, to give my conjecture a trial and my opinion 
stability as to the defect above ooticed, X made a rough analysis of the 
ghooting lime used in the Drainage Department of the Calcutta Munici- 
pality, and found, as anticipated, the following result; — 

lime, ... 47'0 

Clftj, ... CO 

Sand, ... ... ... ... ... ... ... 17'5 

jtshes, ... ... ... ... 40 

Carbonate of line, half boro^ ... 2o5 

100 0 

^Iabooiii Gemekt. 

T?/e MaryoJii q^iam'es arc only 30 miles dist.anl from the head works at 
Dehreo, and about 5 from the tramway at DhoJancl, which communicates 
with the head works. 



APPENDIX. XYli 

Tlic quarries arc at the fool o( tho lulls, and can bo woikcd rcry 
easily. 

It is evident at present that tho Soane Circle contains such of the best 
Diatcri.ils as will enable tho maonfacturc of good cement. Of the speci- 
mens receired, two hare been found very snitablo for the pni-pose. These 
are called in French Marnes ArgSeuses (marly clay); one of these, B6, 
is Tory nearly like tho Marne 0 / Boulogne Sur Mer, which produces a 
cement which is considered by many Engineers better than the English 
Portland cement; the other marked B7, sent to me as white clay, is also 
a -Varnr, and by its combination with B6 will enable the manufacture of a 
cement of the kind which is commonly called ^oman cement. 

The clays B6 and B7 arc rciy friable, and consequently Tery easily 
pulrerlzed; on this account it is certain (by reducing them to that state 
and evcntnally forming bricks with them) to secure a good homogeneity. 

In Statement B. are given the results of the experiments on cement, a 
rough analysis of these two descriptions of marly clay. 

The samples A1 , A2, and AS may be also considered as cement stones, 
bat tho layers of these stones are of differeot qualities; some are cement 
stones, and others similar to those called by Yicat Chavx LmiteSf which 
are always dangerous to use. 

Should these stones be, howeTcr, burnt to a high temperatore and at- 
tempts made to slake them with boiling water, the result will bo that 
while the -portion containing tho Chaux Lmites gets slaked, tho other 
remains nnaffected, I opine, therefore, that they must be rejected on 
account of their want of homogeneity, and principally on account of the 
presence of the CAati* Limitesf nevertheless, I intend making further ex- 
periments with them. 

The clay from Dehree, B9, contains 8 per cent, of sand, but after 
washing it may be used with marly clay, and besides it may answer, if 
necessary, to increase for slow-setting cements the proportion of clay. 

On the surface of the ground about the hlargolii quarries there is to 
be found a sandy clay to a depth of 12 to 15 feet, after which 0 kind of 
shelly, useless, clay. 

Tills shelly clay is found in great abundance with the yellow clay B77, 
the latter containing 88 per cent, of clay or sand, and 12 per cent, of 
carbonate of lime, and under it the yellow marly clay BC, which is also 
plentiful, but ubich can very easily be dUtinguished from the shelly clay. 
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C*nn(i"c from BncVnonr toDehrce, .. 7 to 8 mpces per 100 mannd*. 


Ditto ditto I'atna, .. 18 nipcci ditto ditto. 

GWie la1>or, per coolie, ,, from 1 nnna C pic to 2 annas, 

rirc-n-ootl (ratlicr scarce) j’cr 100 manmls, 7 ntpecs. 

Coal I'cr tnauml, .. 8 annas C pie. 


I think n patient niul deVihorfttc exploration of the range of hills from 
JIarpohi to Roht.as, will lend to the discovery of scvernl vnrietios of tise- 
fttl stone*. I intend to carry ool a careful resc-arch pcrsontilly, if the Gov- 
ernment sanctions the «tn*fr«tetioii of a small cement factory at Dehree. 

Dchrce Division —My in«pcctio!i of the quarries of Margohi and Buck- 
nour, and the scries of ox|icrimcnts I have already tnnde on the spe- 
cimens from tho'C quarries, confirm me in the opinion that this is, for the 
present, the best place for manufacturing both slow and quick-setting 
cements. 

Ccmtnt ETp(rxmen(s.~-^On the 10th of Jnne, upon receipt from the 
Dchrcc Division of ICO cnbic feet of the following materials, viz., yellow 
marly clay DC, white marly clay B7, while stone A3, and yellow clay 
B77, 1 commenced immediately the manufacture of cements, but instead 
of hiring monthly or buying a soorfcec mill, and an engine for pulverizing 
the materials, I found it more convenient, and comparatively less expen- 
sive to hire one of Iilcssrs. Bum and Company's soorkee mills at Bow 
Bazaar, at Bs. 18* per day whenever I require it. The materials were 
sent, and they were very easily reduced in soorkee mills into fine powder, 
and afterwards I had the following mixtures of raw materials made:— 
l*t .. {ipart*ofB 7 1 I® the overage of elat was 22 per cent. 

•• ilpart’ofDT I of riay 23 per cent 

* 2 parts of BC | 

Srd . . '1 part of B7 V Average of clay 32| per cent 

I ) part of D77 * 

These I put into vats of the reservoir, which I filled with water, and 
agitated the whole until the appearance of a perfect homogeneity. The 
water was afterwards allowed to flow off gently, and the deposit is now 
drying, and 1 hope, weather permitting, to see it arrive in a few days to 
a consistence snfiicicnt to enable me to form cakes, Ac. 

From all the experiments on n small scale I have hitherto made on the 
ghooting stones or kunkur, I feel convinced that it will be possible to 
make good cement with some of them. 

* iBcIcSag cost ot coal, ttcdal, te. 
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Materials from whence 
obtained. 

Ccmpositlon. 

rLcmark*. 

A4S 

Gray lime-stone 1 
from Ilohlas IIill, 24^ 
miles from Eehrce, | 

Carbonate of liimc ... 
Clay and Sand 
(Feeble traces of Oxide 
of Irou and Carbonate oi 
Magnesia). 

72 34 
27 CC 

] 

Js-Cement stone. 

J 



Total ... 

10000 


E7" 

Yellow clay found j 
at Margohi, ...a 

Carbonate of Ume 

„ of Magnesia 

0.xidc of Iron 

\ Silica ... 

J Altunina 

Sand 


j Gooil for maon- 
^factnre of slow- 
1 setting cement. 



Total 

100 00 

J 

A7 

Ghooting'Stono J 
from Dinapore, 

Carbonate of Lime 

„ of Magnesia 

Oxide of Iron 

P,-_ /Silica 
t Alumina 

Sand 

)* 7roo 

j 1-00 

1 S2'00 

Xot appre- 
ciable. 





mg 



JTemarA* cfcowl Ihe prfj>aration ^ the tampln for ctment. 

3//.— The sampUe xuarked JTos. J> 5, 3, 4, B, C, hare been pnlrcrircd end passed 
throDgh fl sScTe of GO meshes to one inch. The proportions of each hare been care, 
fully measnred in volume, after being mixed in water j the water was then removed 
by decantation, and the mixtnrc left ontjl formed into the consistence of a rather 
hard paste* Of this paste, balls were made of abont S| inches in diameter ; these 
balls were exposed to the sun for seven days and borot in the small Lila with cole 
When taken out from the kiln, they were pnlvcrized and strained through a sieve of 
CO meshes to one inch. 

The powder thus obtained was mixed with a little water and made into a rather stiff 
paste of which while a portion was pnt into a tntnbler and immersed in water, of the 
other a rake n as made and left exposed to the air. 

The cement in n atcr crcntnally was tested with the Aiguille of VIcat 

2 nd — The samples marked Xos. 9, 11, and 12 were not pnlvcrized, but I pnt only 
the stores (n ell washed previonslv) in the kiln, an^ofter burning sifted them through 
the same sieve of CO meshes. 
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Ditto Ditto 70 Ditto White. May 5th 













lr«tlll(i| Dillo I to P'lf™' I Gray. Urrinill Notictl [ Sod. 



Ditto 13 litrnnj; 























win leol«Tn4 from ihU rtatcmcnt that the bcrt eample uKo, 
i,of t mlitsrc cf U ^*[5* “itto^ b 7 ] Margohl, wbleh ■ 
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APPENDIX n. 


Tnr followJrj Tallcircfcrml to la Scctioa V. on Sins^tliDf XlalcriAls, are ex- 
tra-5r.J (with tmrsi 

KxrcnmenUl H^emhea on Sarnglli of Cut-Iron, JSIff, 
lUsilne** Sfaaoal of Cinl I:n;:io«ria 5 , 1870, nfid Uaefal Holes and Tables, JgfQ, 
Ften^t** of Strale*, IfCtf, 

JIolfssxTth'i Toclct Book of ligineerinj Fcmnlx, 

K<ay*» ScanlJJogi of Timbers for Boofs, 1872, 
aal earefolly rerifird srhli tkrta. All tbe qaaetllirs are from tbe nahire of the case 
oal/ ayprexlatte : Ihii {s cTecial)/ the ease nith the G^astants of SOtngth. 


TaDet. 


Tables L asJ II. of 8<:th and l*7(h powers are i&tended for esc with Hodgkimoa's 
FomelJ! for “Very I/)Off rillars Eq. 10, 11, 12, Art 51 C, Chapter XXnX. 

Table IlL contains the ipecl/ie grarities and weights per enbie foot of many hfate- 
riaU o«efal to tbe Englocer, Dot isscrtcd in Tables IV. to bTL becansc tbeir constants 
of strength are not known. . 

Tables IV. to VIL cooUin the specific graritif*, and weights in poands to a cnbic 
foot (w), also (for hlctals) in pounds to a cobic inch, and the linear expansion 
(of hfctals) between 32* and 212’ F ; (their rate of linear expansion per degree Fahr. 
is of coarse of that tabalatc<I), and tbe Modnii of Tensile, Cmshing, and Trans- 
verse Strength (/„ ftt /»), and of Tensile Elasticity (E,) in pounds per sijnare inch, 
also (for Metals) of Tensile Strength in tons per sqoaro inch, bC.,/( -j-22i0. 

For the deCnitioa of there quantities, *ee as follows — 

/, in Art 481, Chap. XXIL ft in Art 501, Chap. XXIU. 
in Art 451, Chap. XXL E|in Art 513, Chap. XXIV, 


The ralocs of w, Ed s= E,,/., Pa e= iV /». 1°^ oH the common Indian woods 
are tabulated at end of Chap. V. Sec. L, f. r 
r~- j.* — •— t *™ T-4-.,. TWoods (S41 and Teak), 


py tbs wrtttt cf fiert'on V. 


5 
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Tnc following Tables referred to in Section V. on Strength of hfaterfab, are «♦ 
tracted (with adaptations*) from 

Ilodgkinson’a Experimental Hesenrdiea on Strength of Cast-Iron, I81C, 

Itaskine’a ^lannal of Cinl Engineering, 1670, and Useful Holes and Tables, 1870, 

Stonej’s Theory of Strains, 18C6, 

hloleaworth’a Pocket Book of Engineering Fcnnnl», 

Keay’s Scantlings of Timbera for Roofs, 1872, 
and carefully Tcrifled Arith them. All the quantities are from Ibo natnre of the case 
only approximate : this is especially the case trilb the Constants of Streagth. 

ErpiMatioa of Tablet. 

Tobies I and IL of 3 Cth and l'7(h powers are intended for use with Ilodgkiiuon’s 
Formulas for “Very Long Pillars *’,Eq. 10, 11, 12, Art 81C, Chapter XXIII. 

Table IIL contains the spccide graTltles and weights per enbic foot of many hfate- 
rials oscfnl to the Engineer, not inserted in Tables IV. to Vli. beeanse tbeir constants 
of strength arc not known. , 

Tables IV. to VIL contain the specific graTiUes, and weights in ponndi to a cable 
foot (w), also (for hfctals) in pounds to a cnbic inch, and the linear expansion 
(of Metals) between S2* and 212® F: (their rate of linear expansion per degree Fahr- 
is of coarse tW tabnlatcd), and the hlodoli of Tensile, Crushing, and Trans- 

verse Strength (,/t, ft, and of Tensile Elasticity (E,) in pounds per square inch, 
also (for Sletals) of Tensile Strength in tons per square inch, i. e., f^ 2210. 

For the definition of these quantities, tee as follows : — 

fx in Art. 481, Chap. aXIL ft to Art. 501, Chap. Xaizj. 

/b in Art. 401, Chap. XXL E, in Art 513, Chap. XXIV. 

The raloes of w, Erf A = tb« cemffioa Indian woods 

are tabulated at end of Chap V. See. L, j. r. 

The salne of /« has been determined for only fwa Indian Woodj (Sil and Teak), 
which have been included in this Table (not being in Chap. \*). 

Tables Yin. end IX.— Explanation is Trilh the Tables. 


PyttestTittTcf fieett'^ T. 
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TAttr III.— ‘nnAnxr*« cf MATcnuu nol incitxicil In following Tabica. 



TADtn IV.— STnCJfOTil or PoIITI-AND CeSIENT ilORTAR. 
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Taulb hi.— E tBATiNnss of ilATEiiUts not included in following Tables. 


litatcrlal. 

Specific GnTltj. 

Weight of a cable 
toot in poopfis. 

Itemotks. 

Air, dry at 32* F, 
Cbarco^> •• *• 

Clay, .. 

Coal, anthracite, 

„ bitumiuona, «, 

Coho, .. •• 4 . 

Concrete, common, 

„ cement, •• 

l^th, common, . . 

„ loamy, 

„ rammed, .. 

„ loose, 4 4 

Felspar, 4 , .. 

Flint, 

Glass, crown, arerage, 

„ flint „ 4 . 

„ preen „ .. 

„ plato „ .. 

0 ^ psiun, 4 4 . . 

Grarcl, 44 .. 

Ume, qniclc, 44 . . 

Marl 

Mat], 4. 44 4 . 

Feat 

Qoarts, 44 .4 

8 aa(!(t 1 amp), 44 .4 

Sand (dry), 44 .. 

Shale, 4 4 •• ' 4 . 

Shingle, 4 4 44 

Tile 

Trap, .. 44 .. 

Water, at 39'1 F, . . 

„ SCO, 4 • 44 

■001525 
■260 to ■M3 
1-92 

1C02 

1-24 to 1-44 

1 0 to 1 CO 

19 

IS2to20 

201 c 

1-584 

132 

2C' 

2C3 

2- 5 

3- 0 

2-7 

27 

23 

1-7 to l-O 
■8 

1-6 to 19 
I-C3 

133 

2C3 

1-9 

1-43 

20 

1- 4 

I-Sl tol-85 

2- 73 

10 

1-02C 

■080728 
17510 339 
120 

100 

77-4 to 89-9 

G2 43 to WG 

no 

133 

OS to 125 

12G 

99 

03 

tC2 3 

1C4 2 

ISC 

187 

1C9 

1C9 

1430 
109(0 120 

50 

lOOto )19 
102 

83 

1C3 

JJ8 

68C 

ir.2 

00 

113(0 110 
170 

C2425 

C105 



Tabz,b IV. — SraEsoTii or Portlasd Cbuest lIonrAii. 


Uodalna of CVoaUjie. 
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Table I. or 3'Gth Powcns or Numbers. 
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Table III.— IIbatiness of Hateiiials not included iu following Tables. 


UatetUl, 

Bpccl&c Onwity. 

Wdgbt ol a cubic 
loot in poandA 

Bemarks. 

Air, dry nt 32® F. *. 

■001223 

■080728 


Charcoal, «, 

•280 to *512 

17 6 to 33 3 


Clay 

1-D2 

120 


Coal, anthracite, .. 

1-C02 



„ hitumlnoos, • > 

1 24 to 1-44 

77-4 to 89 9 


Coko, .. .. .. 

1-0 to 1 CC 

C2 43 to 103 G 


Concrete, cornmon, . . 

1-0 

119 


.. cement. •• 

22 

133 


J^arth, common, .. 

I 52 to 20 

93 to 123 


„ loamy, .. 

20IC 

12C 


„ rammed, 

1-684 

99 



1-52 

05 


Felspar, .. 

2C' 

1C23 


Flint, 

203 

1C4 2 


Glass, crown, arcmsc. 

2-5 

150 


}> flint „ .. 

SO 

187 



2-7 

ICO 


„ pUt« „ .. 

27 

1C9 


G>psam, .. .. 

23 

143C 



Wtol-O 

109 to 120 


Lime.qnick, .« 

•8 

50 



1-CtolO 

lOOtollO 



1-03 

102 



133 

M 


Qoartz, .. 

2C3 

103 


Sand (damp^, *• «. 

1-0 

118 






Shale... .. 

20 

lf.2 


Shincic, «• .. 

1-4 

00 



1-81 to 1*85 



Trap 

272 

170 






„ ,c, .. .. 

1-020 

Cl-Oi 



Table IV.— SinESOTii of Portland CrurxT Mortar. 











Table V.— Wbight avd SiBENOTn os* Stose, Einrn, &c 
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§ I » 1 

H • «»« • ♦ '5 ' 

« i ^ ^ -5 


, ^ . 1 ^ = = oog g s 1 : 

1 ^ : 1 S 3 iii 2 -S i ^ 

* S ■ ^ fS 15 c*«c» o g , 

« « ^ ** * ^ 

70 


130 

ISO to 135 

ICO 

100 to 112 

10010 112 

81 

100 

S 2 S 

£33 

s 


2 SS3 

p. 
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TAistc Yir.— Pbopertics or ZifcwLS. 
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Table Vlll. — IteatsTiifOE to SnEABisa. 


i 

c 

£Iat«riAl. 

Modnlns of Shear, 
log Strength. 

Slndnlns ot Tnms 
Tc«e (Shearing) 

Elasticity. 

E.. 

Remarks. 

i 

Brass mre drawn, 

Copper, 

Iron, cast, ... 44. ... 

Iron, imnigiil, 



27,700 

SO.DOO 

5.330.000 

6.200.000 

2,850,000 4 
t 8,500,000 
t 9,500,000 

Tor definition of 
E,, see Art 646 of 
this Treatise. 

The constants for 
shearing hare been 
determined for very 
few materials. 


Ash, ... ... 

1,400 

76,000 


es 

u 

Elm, .4. 

1,400 

70,000 


Til, larch, 4«< 44« ... 

070 to 1,700 



K 

„ red pine, 

500 to 800 

1 62,000 • 

1 136,000 


' 

„ epmec, ... 

COO 



_ 

Out C Nom&nd; ), ... 

2,300 

82,000 



Tadle IX. — Resilienob of Inow. 


hfaierlal. 

UodaloaorTensIle 

ItesSUeiKC. 

“E,. 

' Reciprocal of 
IXodolDS. 

E, ~A\ 

Remarks. 

Cast'iron, wcalc, ... ... ... 

12 823 

-0780 


„ «Tm», ... 

16-02 

•0G24 


„ strong,.. 

36"72 

•0279 


Bar-Iron, good average, ... 

i2t*n 

■0031 

See Arts. 477,652, 

nale-lfon, „ ••• ... 

iot'13 ? 

•0096 ? . 

553 of this Treatise. 

Iron-wire, „ 

32013 

•0031 


Steel, soft, 

279-27 

■0036 


„ hard, ... 

414-9 

•0024 1 
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TECHNICAL VOCABULAEY. 


Oi Ihtypvphy. 

The spelUng of tho Hindustani words Is tho same as now generally 
adopted* in teclinical works (as iu Dr. D. Forbes’s Hindustani Boobs), 
except that the diacritical marks of consonants hayo in general been 
omitted. Tbo spelliog indicates at once the pronunciation and also tho 
correct tpeUing in the Oriental characters (except minor differences in con- 
sonants which hare been considered unnecessary to the Engineer). 


Pronunciation of VoxceU. 
n as the Erst Towe) in papa, mamma. 
d 03 the last yowel in papa, mamma, 

0 as the yowel sound In late, rate. 

1 as in dm, j7ta. 

{ as tho Towel sound in deed, meet, 
o as in hole, pole. 

( as in French or German. 

as the yowel sound in good, foot, 
u as the yowel sound in boot, root. 

aa as the yowel sound in koto, tmo, 

ai as the vowel sound in bite, kite. 

Pronunciation of Consonants, 

Consonants to be pronounced in general as in English except as 
follows :-r 

ph, th, must iayariably be separately pronounced, i. e., as in vphill, 
pothook, (not as in philosophy, 'Jhtng). 
kh, gb, as in English. 
i-A, as the Scotch or German ch, as in loch, 
yh, nearly as in McLaughlin. 

* AIM bovn u tAo Eutcriia Sjvtcsu 
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APfEJIDlS. 


Building.’-C Contimied.) 

Fans&I karnd • . to level Shahtlr, lattb& . > beam. 

Par . , . . scaSoldlsg, Sirht . . . ladder. 

Patthar . . . stone. SoriAl . . . pounded bricks. 

PilpSya . • . pillar. Sdt, SutU . . . thread tracing line. 

Paddd . . . course, layer. Tank! . . . stoaemason’sehiseL 

S&wal, sakdl . . plummet. Tikantf . • • mason’s level. 

Bridge Building. 

Atraf . . . haunches. Ktn&ra . . • bank edge 

Band . . . bonding. Naddi . . . small river. 

Darya . . . large nver. Paya . . . pier. 

Dit .... key-stone. Pul .... bridge. 

Pasfl, mader . . parapet JUs mihr&b , • crown of the arch. 

Jor . . ' . . joint Sarak . . . road 

i^iam . . . splay. Tall .... bottom. 


Carpentry. 


A'ri 


. large saw. 

Kiwira . 


. door. 

A'ri 


. hand saw. 

K6’e kl buDVid 

. well foundation. 

Ausir. hathiyir 

. tools 

Kulhiri . 


. Urge /elhng axe. 

Barmi 


. auger, brace, & bit 

Kalhirl . 


. small felling axe. , 

Bastili . 


. adze. 

Le'l . 


. paste. 

BllH 


. doorboU, bar. 

Mes . » 


. table. 

Birfnjf . 


. tack. 

Min . 


. bradawl. 

Borido . 


. sawdost 

Moch&k . 


. pile driver. 

Chibi 
Cbaikhl . 


, key. 

. windlass. 

Nimchak . 


J corb under well* 

1 «og- 

Cbaukhat . 


. door frame. 

Parkir 


. pair of compasses 

Chitklnl . 


. sUding bolt 

Peebkash , 


. screw driver. 

Chdl 


. tenon. 

Pipa. . 


. barret 

Dilhi / . 


. panel. 

Preg. kll . 


. nalL 

Gaz.mistar 


. straight edge. 

Banda . 


. plane. 

GhimI . 


. block or pulley. 

Kell . 


. flle. 

Gol-irl . 


. circular saw. 

Bukh&nl . 


. chiseL 

Gond . 


. gnm. 

SandUk . • 


. chest, box. 

Jorl . 


. pair (of doors). 

Sbikaoja • 


, press, cramp. 

Kabza « 


. binge. 

Sresh . 


. glne. 

Khirkl 


. window. 

T4li 


. lock. 


B&n . . * 

Bins . . 

Barerl . 

Bind . . 

Boriyi, chati’l . 
Jhimp . . 

Kans . . 

Mtnj . 

Farda . . 

I’huns , : 


Tbatcliing. 

. mfinj string. P_,. r bundle of thatch- 

. bamboo. ing grass, 

. ridge pole. San .... kind of flax. 

. reed, fascine. Saul . . . same, Iong& coarse. 

. small mat. Sarkanda . . . name of a reed. 

. mat screen. Senthi . . . single stem of ditto. 

{ coaRO thatching o5.s.»,» I the upper part of 

grass. • • •\ earkanda. 

, grass rope. Sfit .... thread, string. 

. shutter. 86t kt rassl . . cotton rope. 

. thatching gross. Sfitll . . . ririnc. 
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ChJTi'li . 
\Vn\\, f Vi» 

UM 

thl'trl 
Ixihi (hi;44 
lioliichaclor 


A’Jn* . , 

AiMkild 
luyhl . 

Cindi'VlrnM, ) 
tftTfASUl J 
C^rfi . . 

lUnil . 

IU\ . . . 

KlfAr . . 

Kijd 

Khuriri pisttf , 
3.111 tbtiTi 
MDltlnS 'matt! . 

Nil . . . 


Atintbf . 

Hank 
Chatnrl . 

. 

ChlmU . 

l)ainla«h, Jhaonknl . 
Dblliba’i 
Dhllni . 

Dhiblf . 
HhibtMcaali 
Gban . 

}Iathanrl 
llath kl bank 
Jdt , 


l-’ll fBfUl. 
p'llter. 

rift/-. 

irr>n. 

fal imn. 
bar ima. 


Metnls, &c. 

j T/'Jil Cftl . 

I T/>M kcn'IIi 
rarrf 
I Ix>hl Hr . 

I rirl, rfmlb 

!riUl 

tUnsi.UU’f 
IS^i. 
*Timri . 


Painter’s Work. 


rane rf clasa. 
Iinvy't <iiL 
Iralhcm oil irwl 
InrpmUnr. 
ird oflirtf. 
ofx>imcnt. 
ttijrar ft( lead, 
eampbnr. 
lamp blaek. 
ehalk, rdiilin;. 
blofi Titriol 
Trllrtir oehre. 
laJiga 


iriKfnalM. 
Saokbiri . 
^m! 6 r 
bhf*ha, klneh 

sn . . 

8i«l . 

Sofe^U . 
Tarpin kl td 
Td . . 

Td.aNtU 
Td. Dlrifal ki 
Tcl. aarsnn kl 
Td. Ul ki 


BlacIcsmiUl’s Work. 


fiffplaee. 
doe. 

Jeaiher. 
tmaU wedge, cbisel. 
pincers. 
bellOTra. 
rasL 
to cast, 
not 

nnt-kee. 

Blcdg:e hammer, 
amali ditta 
hand tjcc^ 
rake. 


Kibila . 
Kainchf . 
Kodl . 

Mea ki bank 
Paefabsr . 
PhlilJ, patti 
Ral . 

Kloe 

.Sambl 

Sandlsi, chimti 
Sfthan 
Tl'o. 

Ti’& desk . 
Tirkaab . 


Oasfatl . 
Hlrbftt . 
Farzf llatt 
Fill kf jarrfl) 
Gaz . • 

Hamwirf • 
Jarrfb . 
Jhandi . 
Kampls . 
Khnntl . 


Surveying. 


. ten-foot rod. 

. telescope. 

. datom line. 

. tape. 

. aUS. 

, leTelUng. 

. chain. 

. flag. I 

i aarreyinglnstro-, 
ment 
• P«8r- 


blatim . . 

Kaksha . . 

Naksba banini. 
Nip . • 

Paimi'isb . . 

Faimi’isb kama 
Pakka matim . 
S&*& . 

Tnonkidhil . 
Tfpa'l . . 


. rod imn. 

. hoop iron. 

• rig Iroa 
. iron wire. 

. quicksilrer. 
. brass. 

. tin. 

. lead. 

, copper. 


. yellow ochre. 

. arsenic. 

. ml lead. 

, glass, p^'al. 

I Slone for grinding 
' I color on. 

> lead. 

. white lead. 

, oil of tarpeatiee. 

. oiL 

. Imwed oil 
. cocoanntoil. 

. nnstanl oil. 

. sweet oiL 


. screw bolt. 

. scissors, 
charcoal, 
large sice, 
wedge, 
washer, 
rosin, 
solder, 
punch, 
tongs, 
file, rasp, 
red hot. 
to heat, 
wire-drawer. 


. bench-mark. 
. map. 

. to plot 
. measore. 

. Surrey. 

. to snrrey. 

{ permanent 
mark. 

, arrow. 

. contooring. 

. tripod stand. 


bench- 
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The Nvmlers refer to the Pata/jrapht, 


A. 

Adhenion o! morUr, t>3, 03. 

AVrA Same Uln, 39. 

AIloj’s, IG6. 

Atneiicaa dctricV, 31G. 

■■■■■ — .. lime Vila, 103. 

Angle iron, 18t. 

—— joint, SH. 

Strut*, Examples in, 83(L-.(C) 601 
Ex. 6. 

Stmts, B2C-<*), 60&— C6). 

mes, 4S2. 

Acalfsis of lime, CO. 

Apparatus, excATatinj', 410. 

Applied llccbanics, See. V . 

Applying mortar, 120. 

Arclies,3l3 

— bond of brick, SC3. 

.1 I. — ■ bond of stone, 300. 

. ■ » ccntcriugt for, SCI. 

. ■ " . cohesioa of mortar in, SiS. 

— concrete, ISO. 

flat, 3C7. 

- ■ form of, S33. 

- . .. Cotbte, 337. 

— — iBTcrtoi, 3Ca. 

— ,. . Joints of rnptart in, SfO. 

. . ■ . ■ irjricg and oncesteriog of, SCO. 

obliqoe, 371. 

— — — rampant, SC3. 

rtliering, 4IS. 


jArcbes, Bemi.«11Jptiesl, 333. 

— skew, 372. 

— tbcorj of, SIC. 

— thickness of, SCO. 

— thickness of abotment for, 633, 

-- thrust of, 650, 361. 

— Todor, 33C. 

onderproond, 370. 

I Areas, section, (Earthwork.) 106. 
lArgniaccous store, C. 

Artificial ceornt, 84, 85, fC, 67. 
lArtificial stone, Eansome’s, 17. 

— Sorel’s, If. 

— V’lrtona, 17 , 

Ashlar, 305, 30C, 320. 
jAtklnson's tiles, 60. 

lAoChm’itjes ronsnlted for Sec. V. Prefsea 
8ec.V. 

B. 

[Baps, asod, 28C. 

[“ Bar •*, SCO. 

JUrlow’s Defiesios EonanW. Cll to tlC. 
!Bar iroo, )C). 

Basalt. 5. 14. 

Bea&), S», t«X 
|Beami,b(ult. 251. 

Bell saeta}, ICk 
|BcDcb marki, 2CC 

Bendw?, Beaeai, {tft Tr»t»»fr»* >tr*5a). 
Qiaptet XXVL 
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IXDES. 


lle«seincrftec!, 163. 

licit form of rctAUiiop tt&Hs, 437. 

— — of “ IMlIar ”, 522 . • 

Hcthcl's intKlc of prcicrricg Timber, 149. 
Ilfton, 127,12^120. 

Heril j'lnmb rule, 207. 

BlasUnp, 10. 

Blister etccl, 1C3. 

Block In conrsc, SOT, 

- — fonnOatlon^, 403. 

Bond, brick, Bnglt«h, 323. 

— — I'lcmhli, 325. 

■ — ' flat iron nsctl in, 327. 

— Importance of good, 523. 

' masonry, 322, 

. ■■ '—itonc. 310. 

■ various modes of, 321, 323, 32C. 
Bond of brick arches, 303. 

atone rrrhci, SCO. 

Boning »tave«, 210. 
llv'rmg toidi, 221. 

BooMcr lime, 117. 

Boxes, land, 2?3. 

Braeeil TfQ*vj, $tt Trnwi. 

Brtakfng BcfKfit, 45(1 
ltrea<t walls 4 tC. 

Briek U»n.!,S22. 

- — .. noglitlt, 22.x 

— n^mlth, 323. 

. I— . fi lorr.1, 43. 

I I ■ clrcJlar, 13. 

Kn-u.!,, Z\ 

- — ■ III han, 40. 

fartb. 2.x 

— f'lUt M«1 f*ab.35. 

1! 

I-.lua. 3L 

' r-ry, 232, tt 





Brickwork spcclflcations, 343, 541. 
Bridging joist floor, 2SS. 

Bronze, ICS. 

Badjrec, 117. 

Dalit beams, 231. 

— ■■ ribs, 233. 

Dull's hand dredger, 417, 

Burning bricks, 32, 33. 

Buniing lime, 'JO, 

■ ■ < natite method of, 100. 

— — tiles, 37, 08. 

Bursting Brcssuic, 403 to 407. 

c. 

Cables, {tte Chains, Conlage,) 400, 401. 
CAi<son, 423. 

Calcareous stone, 7. 

Calculation of thrust, 330. 

' - ■ of BtAlilif.V, 431. 

— . of thrust in retaining walls, 432. 
Canal, Ganges, earthwork on, 220. 
Cantilever, 300, C02. 

Cttrjfcntry, definitions of, 211. 

—— contrivances in, 242, 
Oue-banfeniog Imn, ICi 
Cawment windows, 20C. 

Cavt-iron, 133. 

-I... ica.<tlng, 166. 

— I’iles, 401. 

— — jig, 153. 

■■■ qnahtr nf, 166. 
anielting, 155. 

— — Strength of, see Iron. 

Ca»l ftrel, JM. 

Canthm to Htnderits, page 5?1. 

1 sllular tiinit or I'dlar, 526«(4). 

Cement, hydraulir, 73, HI. 

artifrial, H, P.'., PC,H7. 

» - - ' difTiruhy in gnrl'ep, 70. 

— Vurtland, "6, 

. lu'ca f.TT the irinnfietcri of, f 9. 
-S-tt's. 7^ 

iVr jrr l<e>* e f e*et‘ wrtl, r*'!. 

IfVv'rrirgsef aoNs.MI 
C*r*ie«.yi, •( »'{■ 


{, 7?f. 
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Centres, framing of, 277. 

— Intlias examples of, 2S0. 

— *■ ' pressure on, 27o. 

' ■ ' principles of coostrucUng, 278. 
——striking, 231. 

Cham of Uniform Strength, 403. 

Chains, Iron, 491. 

Channel-iron Struts, 52C — (C). 

Check on Step I. for Koof Stresses, 672. 

• ' on “ hicthod of ResolnUon ” f 

Roofs, 582— (7). 6S7— (0). 


Concretes, 123, ti teq- 

— " ' . experiments on, 12C. 
Conservation of Energy, 475. 
Construction of earthwork, 211. 
Contracts for earthwork, 189. 
Copper, 161, 177s 

Coping, 308. 

Cordage, 490. 

Comgateil iron, ifil, 

of hricks, 33, 37, 41, 45. 

— '■ of castings at Roorkee, 157. 


Chlorite state, u. 

Choice of stone, 2. 

Chnnatn 137. 

Chorch roofs, 2C6. 

Circnlar brick clamp, 45. 

Clamps, brick, circnlar, 45. 

— — — English, 39. 

— Indian, 40. 

ClassiflcatioQ of limes, 72. 

... - — of stones, 4. 

I - ■ ■ of timber, 142. 

Clay crashing rollers, 24. 

■ - -» preparation of tilc, 67. 

' ■ — ■ slate, G. 

Clcrk-SIaxwcirs Method for Roofs, page! 

682. 

Coffer-dams, 421. 

■ — — ■ at Scotec, 424. 

Cohesion of mortar in nrchei*, 348. 

Colored bricks, 43. 

tiles, C2, 

Coloring bricks, 50. 

■ ■ — rarioBs recipes for, 183. 

—— walla, 1S2, 

Collapsing of Tabes, 629. 

Common rubble masonry, 319. 

Composition of mortar, 1 1 4, 1 15, 1 18 
Compression, Crndiiog, Chap XXIII. 

..I — . rractical Solution of rrobicms m,' 

601 


of tiles, 57, 63. 
jCftODtcrforts, 443. 

Coursed rubble lUasonTy, 318, 
iOrarops and dowels, sn, 
iCfUshiog of Tabes, 629. 

Modalos of, 504. 

Tables of Modnlosof, Appendix If. 
'Calverts, 37. 

Curbs, well, 41C. 

|Cnr\e of equilibtiom, 31C. 

Cutting >n cartlnvork, 22?. 

[Cylinders, sand, 284. 
jCylindrical Tanlting, 377. 

17 . 

Dams, irasonry, 447. 

Fnrens, 448 
llankine’s, 449. 

Decay of atone, 5. 

iDeep well excaTstor, ronracres’, 411. 

8clf-<lo«iag, 415. 

Deflexion, C03, Citb 

formnl.T. Darlow't, CI4 to 616. 
fonnulc cc of, C17. 

KeaT-s 5I»(hoJ. CIT. 

Dekr4 Duon lime kilo*. )DI. 

Deplb of foundatioDi in rtuisicg walli, 429. 
Demtk, S15. 

Amenesa, 31C. 


- Ilvamplcs on, 533, 597, Ex. & iDrs'ffn, Gmcrxl PnacJ/lrs rf, f.i. 
Compres'ion and Tension eontra«ted, 634. Dipmng earthwork, prwtt el. 2, 3. 
Compressible earth, 292. j ' fwl*, 211. 

Concrete arches, ISO. IlaitrritT. 513 to 515, 517 lo 54!. 

houses, ISI. S’Jtia, f c«t, i:?. 
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INDEX. 


Direct Resilience, B52. 

— Stresses, Chapter XXV. 

I — Stress in Reams, COl. 

Distemper, 182. 

Distortion, 4S0. 

— Jfeasnro of, JCS, 542. 

Distribution of workman on earthwork, 
21C. 

Dolomite, 7. 

Domes, 374. 

Doors, 294, 295. 

Dowels and joggles, 811. 

Drain tiles, C3. 

Drainage of a roof, 2S2. 

» ■ of earthwork, 221*,. 

- of retaining walls, 441. 

Dredger, Bnll’a hand, 417. 

Dressing stone, 309, 312. 

Drying bricks, 81. 

Doralility of stone, 13. 

E. 

Barth, brick, 23. 

Earthwork, 188, ft ttj. 

■ ' centre line, 201. 

■ — constraction of, 2U. 

— ■ .. eontract-s for, 189. 

■ . I - cost of, 219. 

cuttings, 222. 

— ■ - ■ • distribution of workmen on, 31C. 

» drainage, C2C. 


Elasticity, defined, 637. 

■ Determination of, 547. 

■ ■ — Dcflexlonal, 649. 

■ Hooke’s Law of, 641. 

■ ~ Hodgkinson’s Formula: for Direct 

648. 

■ “ Limit of 633. 

" ■* Moduli of, 641. 

— Moduli of Direct, 643 to 644. 

' Tables of Moduli of, Appendix II. 

— Transverse, 64G. 

- Use of Moduli, E,, Eci 551. 
Embankments, 227, el tcq. 

— — over a marsh, 235. 

' — puddling, 237. 

■ settlement of, 231. 

Energy, Conservation of, 475. 

■ Kinetic, 472. 

Potential, 473. 

Total, 474. 

Engine, pile, S9C. 

CogUsh bond, 823. 

i brick kilns, 32. 

— .1 '■ brick bond, 323. 

— I brick clamp, 39. 
i — lime kiln, 102. 

Eqailibrium, cnr%-c of, 3tC. 

■ " — • E<|flations of, 453, 454, 4C3, 464, 
4CC. 

Examples of hammer-beam trusses, 269, 


■ hor«c run, 221. 

~ - mensuration of, 123, ft sej. 

— '■ on Ganges Canal, 220. 

« ' proce« of digging, 213. 

I I acftion areas, lOT. 
i retting ont, 200. 

— ■- side widths, 203. 

— slips, 22’. 
i slopes of, 190, 192. , 

» stability of, 190, 191. 

■ sUges. 221. 

— — - t'^ds for, 211, ti $n. 

• ■ - Tolnme*, 197. 

nastiriir, Chapter XXIV. 

■ Co-ffejeoii o!, 610. 

' G^fTdentpf Dcflexlonal, variously] 

receded, Wo. 


— of pressures on centres, 27C. 

— of staircases, 300, 303. 

— of timber partitions, 292, 293. 

-- of Indian centres, 2S0. 

— In Cijmprcsalon, 633, 697, Ex. 8. 

— in Tension, 697, Ex. 8. 

— of “Method of Rcsolntion*’ for 
Roofs, 679 to 689. 

— of “ Polygonal bletliod " for Roofs, 
697. 

Excavating apparatus, 410. 

Excavator, Fouraeres*, well, 413. 

■ deep well, 414. 

Excavator, Fonraerc'sonJinSfy; 413. 

i«If<loiing deep well, 4 15, 

— — Webb's inb-a>^neoai, 418. 
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rn*i#r»‘», hi. 

r.if»^;rnTU f*\ tm'TTi#, ir'i. 

r. 

’ Tft'l-T ff Fi'flT, <5T, <•!, 

■ Ur* 4*?, 4“<i. Ml. 

r«>»*'*'rr«, Im, jTf'JwVioa ef, Sifi. 
r»:iirrnftTT*si4i. 

Vt T,. 

n.iir- :cr 

Tit*! n‘-*"j*‘,C03.fO«,CAX 
n»mi* liJn, Ain, TA 

— Flrih, S'l 
n»l »rclifi. M7. 

» ■ " ' * Mnf», of, 2301. 

"■ ■■■ " ■ Inc!in»t5<n ft, 230. 

iif»nUinst fof, 23^ 

ritt iroQ c*rJ io boat!, 327. 

* ' ■■— tiln, 3*. 

netaUJj Irisl boaJ, 323, 32<;. 

ne*Brr,C'^3. 

flint, 2. 

Hooring tIKfil. 
riiwt, 2^7,rt iff. 

— ini>JMof itmUlnj, 2«0. 

■ ilnpl« 2**. 

Form of cTtbn, 33X 
Forming of tnorUr, llX 
Foaod«tioaf, block, 403. 

— ' ' ■ ■ in rcUioing vnlli, drpthi of, 430. 

In inter, 420. 

— iron tobnUr, 403. 

ircll, 400,412. 

Fonracm* «lecp ircll exearator, 4I4. 

■ — I ' ortlinarj, 4 IX 

I ■ (clf'closifig, Jeep well, 415. 
Fracfnre, 430. 

MoJalusof,5t8. 

Frame Diagram, £01. 

Framing of centres, 277. 

■ Tarions methods of, 245. 

Foel for lime kilns, 100. 

G. 

Galrasized iron, 1C3. I 

Ganges Canal, earthwork on, 220. I 


C«rtcf,£??. 

GirJeTt, !rB»Wi!, 230. 

niitffic.l'O. 

Gnri««, S, 

0<»wl Imrcwtanee of, 323. 

of bricks, 22. 

Oo'lwrn'a tile*. £0. 

G'wJ'm’i riwinnU for “ fillars ”, 620. £2 1. 

' ■ ■ Fiwmala, Faamples on, £33, and 

£.'•7, r*. s. 

Gothic arches 3^7* 

Granite, £. 

Graawacke slate, C. 

Gfr*n stone, £, 

Grinding cement, dilScaltles of, 70. 

Growth of tires, 14 L 
Can nieUi, 1C3. 

Cji>sam, 133. 

H. 

(fammcr>beam Im**, 2C7. 

■ '■ examples of, 2C0, 270. 

Itarhl Jreilger, Dutrs,4i7. 

Iltnl earths, 301. 

IIoJgkin.ion‘i formnlx for” Long Pillars ’* 
£I2,£IX 

“ Very Long Pillars ”, £1C to 510. 

— “ pillars,” Kxamplcs of, £33. 

■■■■- I Elasticilyand Set, £48. 

. — — Iron Beams, Cll. 
ilofTmann’s brick kilns, 47. 

Hollow masonry, 333. 

- . rcTetments, 444. 

Hooke's Lnw of Elasticity, £11. 

Hoop tcnsioa, 40i to 407. 

Hornblende, £. 

Ilonsstcnc, £. 

Hone ran, 224. 

Hooks, concrete, 131. 

Hatton's Expenmentsoa Wind, £66— (2). 
Uydranlic cement, 73, 81. 

— ^ limes, 63. 

- — — mortars, 88. 

I. 

Implements for moalding bricks, 30. 
Inclination of flat roofs, 230. 
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jrode of connecting rafters, 24C. | 

Modes of strutting floors, 289. 

Moduli of Elasticity, 641, 

■ - ■ " Eesilience, 653. 

Tables of, Appendix IF. 

— Tenacity, Crnshing, Shearing and 

Transverse Strength, Tables of, 
Appendix If, 

Modolns of Crnshing, 504. | 

- - - Rupture, 458. i 

Shearing, 461. I 

■ — - ■" Tenacity, 481, 

—— Tensile Elasticity, 543, 644. I 

Transverse Eiasticity, 546. 

— Transverse Rupture, 608. 

Mortar, applying of, 120. 

— — — ~ composition of, 114, 116, 118. 

definition of, 67. 

- foralug of, 118. 

— — — hydraulic, 88. 

in arches, cohesion io, 846L j 

- - - jaghcry mixed with, 119. 

— — strength, of, 93. j 

Afortiss and tenon joint, 243. 

Moulding brlchs, 28. 

■ bricks, implements for, 30. | 

-tiles, 67, 68. , 


Eative method of burning Jime, 109. 
Katuie of snbsoils, 388. 

Kotatiott, General, 461. 

— for Compression, 504. 

for Elasticity, 542. 

■- - ■ for Stresses in Trusses, 677, 678. 
■ — — for TeusioD, 481. 

Rotch joints, 247. 


Oblique nrcbes, 371. 

— — — scarfing, 248. 

Oil, linseed, 160. 

Oolite, 7. 

Open (Unbraced} Pol/Soas in Roofs, 664 
Example of, under Uosymmetric 
load, 507, Ex. 10, 

Ordinary \\cU excavator, Eonracres’, 413. 


Painting, process of, 181. 

Paints, 179. 

Pan tiles, 50. 

Papering^ 187. 

Partitions, timber, 291. 

Pasley's cement, 75. 

Pent roof, SCO. 

Perpetual kilns, 107, 

Pewter, 168. 

Phaora, 214. 

Pickaxe, 211. 

Pig jron, cast, 165. 

Pile engine, 306. 

PlIe.driviDg, Theory of, 655. 

— - Practical rule, 650. 

Plies, 895. 

Strength of timber, 628, 

— ■ cast-iron, 401. 

iron, Screw, 403. 

• — — . Prestage’s expanding, 402. 

— — sheet, 399. 

Pillar of uniform Strength, 68I. 

"Pillars’', 503. 

— — "Long" and "Very Long", 610 to 

621. 

“ Short ”, 607 to 609. 

" Very Short’’, 60G. 

Pipes, irrigation, 64. 

Pis£ walls, 312. 

Pitch of a roof, 261. 

Plastered masonry, 337. 

Plasters, 132. 

Pliability, 5SC. 

Names of various, 4C0. 

Plomb rale, bcril, 207. 

Pointed masonry, 337. 

"Polygon of Porces,” S90. 

. - . II of Loads,” 692. 

Polygons, CfnbrBCCif, m Roofs, 564. 
"Polygonal" blethod for Roofs, 673, 674, 
590 to 596. 

I . ■ I- I Examples, 597. 
iportland cement, 76. 
porphyry, 6. 

[Pot tiles, 66. 
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Praacal unQr jiT tc'tinplimp,Tl, 

IVcainaiM r>r 4 . 

rrTTjiania-ra pI li-i.-V rJinh, CT*. 

- ■■ ni tUp dfij, rr, 
rre«.prTCiTa p! itto, 1 C 2 . 

- ■ of «.Tat, 1 Ts 

- of tiitbpr, H f*, 3 TkX 
rrcsFZJt oa ccrars ~”«w 
rrc»snrs ca SnjTviTt^ .'•fif', S7k\ 

Pnsai^'s T'*. 3 fs <Cii. 

r:ianx3« of rarltir.-, S7A. 

' of coa^tnrting sr^ 

Process of OArthworl:, 213. 

Proof Loail, Strain, IxOiManco, Sfrcofjth, 

or Stits.s4r>Cv 

Protccdoa of iron fastcninfs, 253. 

i of timber fastenings, 253. 

■ - ■ of si3a sloj'es, 233. 

PtiddJing carthtrorV, S07, 
rag>m>li, 25. 

Pump, aand, 4\ti. 

PnnniDg, 930. 

Purtlns, 203. 

PattuolaQA, 89, 90, 91, 92. 


Qualities rc<iiiircJ Ifl itone, 3. 

Quality of wrouglit'lron, ICO. 

I ca*t‘lron, ICC. 

Qaarrylng, 18. 

. - I Bt Purlopote, 21. 

Quartz, C. 

Qucen-post, a Jlisnnmcr, C88. 

Queen-post truM, 2Cl. 

- scanilingi for, 2CI, SC5. 

■ Stresses In, hj Mctljfrl of nf*'»lo- 
tion,C93 loC't'). 

_i -— bj'Pol/g'Tnal MetliCrl, C97,Ii^. 10. 
Queeo-rt^, C®?. 

Quick linie, CC. 

K. ' 

nal,*.l.=g.U9. I 

lUften, ny-fe cf JIJ. [ 

Eaf^n, r.<«c.nffDrt*»':o? c- 


■Tta'tc^liTvaTnpV* ot M, 

j Wl. 

in Yl.v.fs, 

Ilarrtpnnt nroltes, .“3^. 

Re-^rtions of Pnpp>'it« in IvVifs, ^71 
•'^aterePsM'.Mtnnl'", 17^ 
Re.'ipesf.>ro.’'3.'ung'n«'lK 3?“'*. 

|3»elie\«ng at\'b, 41.V 
UcMlien.'O, <77 

— llnwi, 

lRe»-Wan«s, <N3, 4*:ft 

l»e«»»lamv.tnten'Uy, 1^0. 

Mea»me of, 40^. 

— IVtsl, <(*'', 47*' 

KwlntUwisf Je'rt.l rtl »Toiiti4 0f 
A7.1. 

-^Mftlip.1 of, r.n UcN'fs, 7-7.3, 571, r.ro 
t.SftS!'. 

IlclAlnlng s\nll«, 450. 

— I'ft rinm pf,4ir, 

— cftlcnlniliMlpf llmW, 45 J 

— 413 

— «1rptl» t'f fiMiiiit'tHinis, 4.10 

— |»ivrnnil.<its nctio*! Wrtlrt lo, 411 
llctelment*, liollnn, 414. 

Itllis, brut. 252. 

— b«lU,L>M. 

— Ifliiiinnteil, 23l. 

HIrMIIj, 6.10. 

H-hV. n-'O. 

Itn.| |r<,M, III. 

Il'illet", «!"y TMi'liInc, 24 
lloiiinti r'tiirti), t 4 
Il'm'Mrl'ii J ottniils, 111* 

— J>sm|I-s nf, m 
It'W nt^llsIrnl-nO, t>rtl 

— b 1 Jl -nit nj, "O’* 

| 1 W.I ilmltitc*, 21 ? 

— t't n fb-Tf«-Ji, frf* 
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Mode o/ consectiog rafters, 24S. 

Modes of strutting floors, 289. 

Iloduli of Etasticitj', 5il. 

- — — Resilience, 653. 

• Tables of, Appendix If. 

- ■•Tenacity, Crnsbing, Shearing and 

Transverse Strength, Tables of,| 
Appendix 11. 

Modulus of Crushing, 604. | 

■ '■ ' ■ Rupture, 458. 

< - ' - Shearing, 401. | 

'■ TeaacU/, 481. I 

—— Tensile Elasticity, 643, 544. I 

- ■ — ■ Transverse Elasticity, 646. 

Transverse Rnptnrc, 008. * I 

Mortar, applying of, 120. 

■ — - Composition of, 114, 116, 116. I 

• — ’ definition of, 67. 

■ forming of, 113. 

- ■ hydraulic, 88. 

- ~ . in arches, cohesiou fn, 846. 

- — ■ jaghcry mixed with, 119. 

■ — ■■ strength, of, 93. , 

Mortise and tenon joint, 243. 

hfonlding bricks, 23. i 

- ■ bricks, impicmcals for, SO. 

tiles, or, 63. 


7fnti>c method of burning lime, 109. 
Katurc of subsoils, S89. 

Kotation, General, 4C1. 

— ■ - for Compression, 604. 

■ - ■ fur Elasticity, 642. 

for Stresses In Trusses, 677, 678, 

■ ■ — for Tension, 481. 

Notch joints, 247, 


Oblique arches, 371. 

— ■ ■ " BcnrfiDg, 218. 

Oil,Un«ecd, 160. 

Oulitf, 7. 

0|<n (Unbraced) Polygons In Roofs, 6C4^ 
Example of, under Uusymroctric 
Load, 697, Ex. 10. 

Ordinary wcU excavator, Kouracrei’, 413. 


Painting, process of, 181. 

Paints, 179. 

Pan tiles, 66. 

Paperingj 187. 

Partitions, timber, 291. 

Pasley's cement, 75. 

Pent roof, 260. 

Perpetual kilns, 107. 

Peuter, 168. 

Phaora, 214. 

Pickaxe, 211. 

Pig iron, cost, 166, 

Pile imgine, 396. 

Pilo-tlriving, Theory of, 655, 

' — Practical rule, 656. 

Piles, 895. 

Strength of timber, 628. 

■ ■ ■ cnst*iron, 401. 

■ — iron, Krew, 403. 

II- — Prestago’s expanding, 403. 

» sheet, 899. 

Pillar of uniform Strength, 631. 

“Pillars”, 603. 

“Longhand “Very Long”, 610 to 

621. 

« Short ”, 607 to 609. 

- . — “ Very Short”, 600. 

Pipes, irrigation, 64, 

Pisu walls, 313. 
pitch of a roof, 2CI. 

Plastered masouiy, 337. 

Plasters, 132. 

Pliability, 636, 

- Names of various, 459. 

Plnrob rnlo, bcvil, 207. 

Pointed masonQ*, S37> 

1“ Polygon of Forces,” 690. 
j— - of Loads,” 692. 
polygons, Unbraced, in Roofs, CCl. 

“ Polygonal ’* ilcthod for Roofs, 673, 674, 

' 530 to 69C. 

I Examples, 697. 

Portland cement, 76. 

Piwphyry, C. 

Pot tiles, 66. 
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IX 


PofcatiaJ Zs«^, 473. 

Practical racie of testia jlice, "L 
Piecaatioas ft^ainst scttlisj, 334. 
•PrtFaratioa of brict eartli, 23, 

— ' of tSlft clar, 57. 

PrescTTaiiija of iroa, 1C2, 

— ■ of stoac, 1C. 

of ticiber, 149, 150. 

Prcisare oa eeatits, 275, 27C. 

Pressatts ca SnjTorts, 569, 570. 

Prcstaja’a eipaadinj pOw, 402, 

Prarijlea of Taaltias.STS. 

■— - of coastmctiDg centres, ?7e 

Process of difgins eartlnrork, 213. 

Proof I/ttd, Stram, Resistance, Strenjtli, 

or Stress, 45C. 

Protecdon of iron fastening*, 256. 

— of Umber fastenings, 256. 

— — of r<le slopes, 233, 

Podilling earthwork, 237. 
r«S-aill, 2* 

Pmsp, sand, 419, 

Penning, 230. 

PltTlios 263. 

Xbuxsolana, 89, 90, 91, 92. 


QnaViUcs reqnired in stone, 3. ' 

Qaality of ■wronght-iron, ICO. ' 

— — ca*t-iron, 15C. 

Qaarrying, 18. 

- — . at Partaporc, 21. 

Qnartt, 5. 

Qacen-po*t, a Misnomer, 6SS. 

Qnccn-post 201. 

. . ecantlings for, 2C(, 2C5, 

- - piresvs in, 1 >t Method of Rcsdlo- 
lion, 5<5 to 589. 

l.r IVirgonal Method, 697, Ex. laj 

Qn(><n,rod, 5*“'^. 

Qakkliroe. CC, 

II. 

lUfirnt rnf'de of rorTiertlrg, 21.*. 


, Rafters, Kxamplea of Sesatlinjs of, pa?! 
561. 

|llain'db!orptton in Roofs, 5CC (2). 

Rampant arches, SCS. 
iRe-actiona of Snpports in Roofs, 571 
General Fomnlm, 578. 

Reeipes for coloring walls, 163. 

^Relieving nreb, 445. 

Resilience, 477. 

Direct, 552. 

^Resi*tance, 453, 455, 436. 
|Uesi?tafice-intecsi^, 456. 

Measnre of, 4C3. 

Total, 4C9, 470. 

Resolntioa of I/jad at Joints of Trasses, 
6T3. 

Method of, for Roofs,573,574,579 
to5S9. 

|RetainjBg walls, 430. 

best fona of, 437. 

■ . ■ ■ .1 calculation of thrsst, 432. 

— eonntttforU, 413. 

— ' - depth of fonadaboos, 4S9. 

— prccanUens against water in, 441. 
ReTClroeats, hollow, 444. 

|Rib$, beat, 252. 
bnilt, 253. 
lamiaatcd, 254. 

|Riguhty,536. 

Rock. 390. 

Rod iron, ICl. 

Roller*, cliT crushing, 24. 
jRoman ccnseni, "4. 

RonJelei's Formula, 519, 

Examples of, 633. 
jKoof at Allahabad, 270. 

at Bombay, 2C9. 

|Root drai&age, 2C2. 

for a fhurch, 2CC. 
pent. 

pitch o( a, 2Cl. 
rafter*, 2C3. 

SjTiaa, 6*4. 
bind**, C'i 
trrrare, 257. 


RaIlfr»'l'*pa*-miivw\T»rit'C ^ ltrttt*.rr.'U'..'t Tro'*»*.F'.rr*scs la,Cha7t«SXV 
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Roo£3, 257, et seq. 

- flat, disadvantages of, 259. 

— — inclinaUon of, 259. 

■ scantlings for, 258. 

■ two Methods compared^ 574 . 

- - wood and iron in, 268. 

Kopc («ee Cordage), 490. 

Enbble masonry, coursed, 818. 

' " ■■■■. common, 319. 

Rules, bevil plumb, 207. 

Rupture in arches, joints of, 349. 

■ - Modulus of, 458. 

- Transverse, 008. 

s, 

Safe Stress-Intensity, 481, 504. 

Safety, Factor of, 457, 481, 604. 

— for Live Load, 457, 476, Sot- 
Sand bags, 28C. 

■ boxes, 283. 

— cylinders, 284. 
pump, 419. 

- — atone, 6. 

ScoSolding, 313, 333. 

Scantlings, 272. 

~ Example of calculation for Roof 
Page 673 

foraqueen-post truss, 204,205. 

— for flat roofs, 238. 

Scarfing, 248. 

Scoop, 218. 

Scott’s cement, 78. 

Screw piles, iron, 403. 

Screws, jack, 283. 

Seasoning of timber, 140. 

Section areas, earthwork, 19C. 

Self-closing deep well excavator, Foor- 
scres’, 415. 

Semi-elliptical arches, 353. 

Seotcc, coQer-dam at, 424. 

Setting out earthwork, 200. 

Bet, 537. 

Ilodgkinson's Fomidlaj for, 548, 
Settlement of embankments, 227, et eeq. 
Settling, precautions against, 831. 

Shears, 3U. 

Shearing, 453. 


Shearing, Strength, Tabic of Modulus of. 
Appendix II. 

Sheer steel, 163. 

Sheet iron, 161. 

■ ■ piles, 399. 

Shovel, 212. 

Side slopes, protection of, 233. 

- ■ widths in earthwork, 202. 

Silieeons stone, 5. 

Sindh flame kiln, 36. 

— -• roof, 383, 

tiles, 60, 

Single joisted floors, 288. 

Skew arches, 372. 

Slaking lime, 110, 111, 112. 

Slate, chlorite, 5. 

— — clay, 6. 

— — Grauwacke, 6. 

— — mica, 5. • 

Sliding sash, 2DC. 

Slips in earthwork, 225. 

Slopes of earthwork, 190, 102. 

- side, protection of, 233. 

Smelting, 155. 

Snow on Roofs, 566. 

Soap stone, 5. 

Soils, marshy, 894. 

Soldering, 168. 

Soorkec, 26. 

Specifications, brickwork, 843, 844. 

for good stone masonry, 821 . 

Speller, 165. 

Stability', calculations of, 431. 

— of earthwork, 190, 191. 

■ Conditions of, 4G3, 466. 

Stacking of timber, 145, 

Stages in earthwork, 224' 

Staves, honing, 210. 

Staircases, 297. 

— - examples of, SOO, 303. 

■ ■ — method of setting out, 298, 299. 

■ — plans of, 300. 

Steel, 163. 

. ■ — Bessemer, 163. 

. blister, 163. 

cast, 163. 

— ■ ■ - sheer, 163. 

Steel, 487, 468. 



Stiffness, defined, 6CG. 

' In Bentns, C12. . 

Stiffness in Structures, 4C5. 

Stone arches, bond of, SCO. 

— " argillaceous, C. 

• ‘ ■ artificial, Raasome’a, 1?. 

■ artificial Sorcl’s, 17. 

■ - ■ artificial Victoria, 17. 
.——ashlar, SOj, 30G, 320. 

>■ — block in course, 307. 

— — ■ bond, 310. 

calcareous, 7. 

choice of, 2, 

— classification of, 4. 

' coping, 303. 

— decay of, 2. 

— ■ — dressing, SOO, 312. 

■I. durability of, 15. 

— Gwalior, 8. 

— ■ i~ its use liauted in lodiO) 1. 

■ Madras, .12. * 

— — masonry, 303, rt »«ij. 

— Neclgb.rry, 11. 

Orissa, 0. 

. II I I— preserrotiou of, IG. 

■ Punjab, 13. 

■ — qualities required in, 3. 

— quarrying of, 18, 21. 

■ — siliceous, fi. 

»i. —* strength of, 30C. 

— — Tnchinopoly, 10. 

Strain, 452, 455, 4SC. 

. , Intensity, Slcasuro of, 4C8. 

Kames of various, 453. 

Strength, 453, 435, 45(5. 

.1. — — Conditions of, 4(54, 4GC. 

■ Xames of various, 453. 

— , - of mortar, 33. 

-■ ■ - of stones, 30(5. 

■ of timber, 143. 

Stress, 454, 455,450. • 

■ - Character of, iu Poof Bars, 53^ 

697 Ex. 1. 

• Diagram for Poofs, 631, 333. 

■ — Intensity, 450. 

. . Intensity, Measure of, 408. 
Stress, Names of various, 453. 


StTats^''I‘Jrcs, 2Sl. 

* in Po'oic, 

Strutting floors, njouw 
Stucco, 13G. 

Sub-aqueous excavator, Webb’s, 
Snb-soils, compressible earths, 892. 

' bard earths, SOI; 

- ' . marshy soils, 334. 

I nature of, 388. 

■ rock, 390. 

- ■ wet soils, 303. 

Snildeoly applied Load, 47C, 652. 

Support of Beams, 602. 

“Supported Beam,” C02, 

Swinging windows, 236. 

Syenite, 6. 

Syrian roof, 884. 

— tiles, 60. 

T. 

Tables of Constants of Strength, and] 
Elasticity, | 

of heaviness of Materials, j 

- ■ ■ of 3 6th and I'Tth powers, j 

- of scantlings, 273. 

- — of scantlings for flat roofs, 253. 
Tape, measuring, 205. 

Talc, 6. 

Tangential Strain, Pesistance, Stress, 453. 
Technical terms. Vocabulary of, Appen- 
dix IIL 

Tenacity, Modulus of, 461. 

- Table of hlodulus of. Appendix IL 
Tension., Chapter NXIL 

- ■ and Compression contrasted, 531, 

533. 

- Examples In, 697, Ex. 8. 

Tenon and mortise joint, 243. 

Terracotta, 43, 53. 

Terrace roof, 257. 

Testing lime, practical mode of, 71. 

Hieoiy of arches, 346. 
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Roofs, 257, et teq. 

— flat, disadvantages of, 259. 

■ inclination of, 259. 

■ Bcantlings for, 258. 

■ — i two Uetbods compared, 574. 

■ ' wood and iron in, 2G8. 

Rope (see Cordage), 400. 

Rubble masonry, conrsed, 818. 

— common, 319. 

Roles, bcvil plnmb, 207. 

Rapture in arches, joints of, 349. 

— -- Modulos of, 458. 

— " - Transverse, G03. 

s. 

Safe Stress-Intensity, 481, 604. 

Safety, Factor of, 457, 481, E04. 

' — for lave Load, 457, 47G, 654. 

Sand bags, 28G. 

■ — boxes, 285. 

— — cylinders, 284. 

— — pomp, 419. 

— — stone, 6. 

Scaffolding, 313, 893. 

Scantlings, 272. 

— Example 'of calcnlation for Roof 

Page 673 

■ — ■■ fora<iuccn-posttruS5,2C4,2C5. 

■ for flat roofs, 258. 

Scarfing, 248. 

Scoop, 218. 

Scott's cement, 78. 

Screw piles, iron, 403. 

Screws, jack, 2B3. 

Seasoning of timber, 14C. 

Section areas, earthwork, 19G. 

Sd£.closing deep well excavator, Four- 
acres’, 415. 

Scmi-cl!iptical arches, 333. 

Bcotcc, coficr-dnm at, 424. 

Setting out earthwork, 200. 

Set, 537. 

Ilodgklnson’s Fortnnla for, 648. 
Settlement of embankments, 227, et teq. 
Settling, precautions against, 831. 

Bliear». UH 
Bbeanng, 453. 


Shearing, Strength, Table of Modalas of. 
Appendix 11. 

Sheer steel, 1C3. 

Sheet iron, ICl. 

■ ' piles, 399. 

Shovel, 212. 

Side slopes, protection of, 233. 

- - ■ widths in earthwork, 202. 

SiliccoQS stone, 5. 

Sindh flame kiln, SG. 

- roof, 383. 

tiles, CO. 

Single joisted floors, 288, 

Skew arches, 872. 

Slaking lime, 110,111, 112. 

Slate, chlorite, 5. 

- '■ ' clay, C. 

— Grauwncke, C. 

' mica, 5. 

Sliding tosh, 29C. • 

Slips in earthwork, 225. 

Slopes of earthwork, 100, 102. 

- side, protection of, 233. 

Smelling, 155. 

Snow on Roofs, 5GC. 

Soap stone, 6. 

Soils, marsliy, 394. 

Soldering, 1C8. 

Soorkee, 2C. 

SpcciricnlioDs, brickwork, 843, 814. 

- for good stone masonry, 321. 
Spelter, 107. 

Stability, ratculations of, 431. 

' ■— of earthwork, 190, 101. 

— Conditions of, 4C3, 4CG. 

Stacking of timber, 145, 

Stages in earthwork, 224’ 

StaTCS, boning, 210. 

Staircase*, 207. 

- — examples of, SOO, 303. 

- I - mcthoil of setting out, 298, 290. 

■ plans of, SOO. 

Steel, 1G3. 

■ llc*scmer, 1G3. 

I blister, 1C3. 

I — cast, 1C3, 

sheer, 103. 

Steel, 487, 483. 



Stiffness, defined, 5SG. 

in Ucams, C12. 

Stiffness in Structures, 4C54 
Stone nrehes, Iwnd of, 3G0. 

— ■ nrgillaceons, C. 

— — ■ artificial, Itansome’s, 17. 

■ artificial Sorel'a, 17. 

— — » ■■ artificial Victoria, 17. 

ashlar, S03, SOG, 320. 

— ■ -- block in course, 307. 

bond, 310. 

~ calcareons, 7. 

— — ~ choice of, 2. 

— - classification of, 4. 
coping, 308. 

■ - - - decaf of, 3. 

— dressing, 300, 313. 

. . dorability of, 15. 

■ — . Gwalior, 8. 

■ ■ - I ■ its use halted In India, 1. 

■ — Madras, jl 2. 

■ masoorf, 303, ft tej. 

- I-.-' yeelgli’*rry, 11. 

— — , Onsaa, 9. 

■ 1... preseriatioa of, IG. 

— «■■■ I?nnjab, 13. 

. - .... (^aalitics required In, 3. 

— qaartjiag of, 18, 31. 

I-.-. ■ Eiliccons, 5. 

... ~ strength of, 30G. 

— . — Trichinopolf, 10. 

Strain, 452, 455, 450. 

.. . Iflicnsitf, Measure of, 408. 

. . {fames of Torioos, 432. 

Strength, 433, 433, 436. 

M Conditions of, 464, 460, 

— Names of rarions, 432. 

— of mortar, 23. 

. of stones, 306. 

. — ^ — of timber, 148. 

Stress, 454, 455,450. 

. — - Character of, In Iloof Ban, 593, 
507 "Ex. 1. 

Diagram for Hoofs, 591, 693. 

■ — ■ . Intensity, 45C. 

— Intensity, Measure of, 463. 

Stress, Names of various, 459.^ 


|strnf3r'2lf«», 881. * 

— .ju no’mc, l4o 
Stntttiug doors, mon,.. 

Stacco, ISO. 

Sab*a(xneous excavator, IVchb’s, *. 
Sub-soiIs, compressible earths, 323. 

— bard earths, 321: 

— aarabf soils, SOL 

— natnre of, 888. 

— rock, 390. 

— wet soils, 393. 

I Soddcnly applied load, 476, 552. 

Support of Beams, 602. 

“SnpportcJ Beam,” C02. 

Swinging windows, 296, 

Syenite, 5. 

S/rUu roof, 334. 

— tiles, 62. 

T. 

[Tables of Constants of Strength, and ] 
Elastic!^, 

— of heaviness of Sratcrfals, 

— of 8 Cth and I'lth powers, 

— of scantlings, 273. 

— of scantlings for flat roofs, 253. 
Tape, mcasoring, 203. < 

Talc, 5. 

Tangential Strain, Resistance, Stress, 432. 
Technical terms. Vocabulary of, Appen* 
dixUL 

Tenacity, Modulos of, 481, 

~ Table of llodolns of. Appendix IL 
[Tension,. Chapter XSIL 

— and OempressioQ contrasted, 534, 
535. 

— Exaroples in, 697, Ex. 8. 
iTcnon and mortise joint, 243. 

Tcm cotta, 42, 53. 

Terrace roof, 257. 

Testing lime, practical mode of, 71, 

Theory of arches, 346, 


ApfvndixlJ. 



^JC^oint, 244. 

Tiles, Atkinson’s, 59. 

— > - - bnming, 67, 58. 

' ■■ clay, for, preparation of, 67. 

colored, 62. 

■■ ■ . ■ cost of, 67, 58. 

— — drain, 63, 

■ flat, 68. 

■ '■■■ ' - flooring, 61. 

Goodwyn’a, 69. 

— — ' mannfactute of, 67. 

moulding, 57, 58, 

pan, 66. 

— — pot, 66. 

■ — ■ " ■ Sindb, GO, 

' ■ ■ ■ ■ Syrian, 69. 

Tilt ■wagons, 217. 

Timber, 189. 

classification of, 142. 

■ ... fastemngs, protection of, 250. 

. . (io Cotoprcssion), 504, 616, 519, 

527. 

— (in Tension), 481, 489. 

. - ■ ■ . measurement of, 151. 

■ -- partitions, 291. 

pTcscrvation of, 149, 160. 

■ - seasoning of, 140, 

. stacking of, 145. 

. strength of, 143. 

structure of, 110. 

tree^ Indian, 163. 

Timbers, lengthening, 248. 

Tin, icr, 1C8. 

TT-iron Hatter, Example of, 697, Ex. 8. 

— — — Struts 626—^4) end ^6), 

Ties, 482. 

Tools, bonng, 221. 

■ ■ ■ " digging, 211. 

- - ■ for earthwork, 211. 

Total Load, Hcsistancc, Stress, 4C3 to 470. 
Strain, 4C8. 


Stresses in Eoofs, 696. 
^_^.ai3vet5e, (Tangentical) Elasticity, 546. 
*^able of Modulus of, Appendix H. 
ITranavcrse Strain, Chapter, XXVL - 
defined, 459, 598. 
in Roofs, 560. 

Method of Breaking Weights, C07 
to 611. 

nature of, 904. ' 

Table of Modulus, Appendix H. 
Treatment of Rroblcms, 605, COC. 
(Trap, 6, 14. 

[Tredgold’s estimation of Wind on Roofs, 
566— (2). 

[Trees, felling of, 141. 

growth of, 144. 

Indian timber, 152. 

[Trimmers, 290. 
iTross, 658. 

bamtneisbcara, 2C7. 
king-post, 2C3. 
queen-post, 264. 

King-post, Stresses in, by Method 
of Resointios, 680 to 584, 
Queen-post, Stresses in, by Method 
of Resolntion, 585 to 589. 
[Trussed girders, 250. 
roof, 260, 

[Trusses, Stresses in. Examples by Method 
Si, 697. 

King-post with Struts, 697, Ex. 4, 

6 , 6 . 

Queen-post, 697, Ex. 10. 
simple triangular, 697, Ex. 1. 
triangular, braced, 597, Ex. 2, S. 
with braced Rafters. 697, Ex. 7, 8. 
with numerous King-rods, 697, 
Ex. 0. 

Tubular foundations, iron, 403, 

[Xudor arch, 350. 

[Tunnels, 870. 

[Turpentiae, J60, 

[Twistiag Strain, 459, 52G— (C). 
in Beams, COl. 
in Roof Trusses, 659. 

u. 

[mtimate Load, strain, Resistance, Strength 
or Stress, 45G. 



isPirs. 




of ikIvcs, SC3. jWtvght on Root*, $ee IwaiL 
Undcf-offui^J nrclics, 370. (— — of Fillars, SCO. 

Uniform lioad, Resistance, Strcs% <70— L [R'eight of Ties, 483. 

. I,.- Strengtii, Chain of, 40S. IWcII enrhs, 41C. 

Uniformly-saryingLoad, Resistance, Slresv CTcavator, deep well, 411. 

470— III. i — — Foumcrcs’, 413. 

Unstrained Bars in Trusses, 573. I foundations, 400. 

' — — cseovator, ordinarr, 413. 
V. ■ — * sclf^cIosiDg 415. 

Variable Load, Resiatance, Stress an** " 

Strain, Measure of Intensity of, harrous, 215. 

triiiaitoue, 5. 

Total of. 470— If. 1""'"“ 

VantUli. 1st. nT.itom,li, US. 

=77. I"'''"' CM-(f) 

^o.liwltical, 377. iWiodo.i^ 290. 

princirdt of, S78. ' caitmcnl. 290. 

Veabniarp of Tcclmical terms, Appendix ' slidint: 8.\sli, 290. 


I!I. 

Volumes, earthwork, 1D7. 


• swinging, 200 
[W'ooJ and iron in roofs, 208. 
•Work.” 471. 


w. 

Wall plates, 203. * 

— -I - Boteb joints, cpriieaVlc to, 247. ' 

Walls, breast, 410. I 

. coloring, 183. ' 

— — kucha, 841. I 

risi-.342. 

■ retaining, 430. 

■— retaining, best fpitn of, 437. 

Water, foundations m, 420. 

- ill retaining wall*, prccaotions a- 

gninst, 441. 

Webb’s sub-aqueous c-xcafator, 418. | 

Wedges, 282 | 

Weight of bricks, 27. 

_ — , cf n cubic foot of maUnal, Tables 
of, Apprndi.\ II. 


Working I.on>l, Strain, Resistaaec.Stftngti, 
or Stre.M, 45C. 

'■ — ' Stress or Strain, 530. 

— ' — Stresses in Roof*, Total, CIKS, 
I— txQWiplO ot, b*t>7, Vis. S. 
Woikinen, dutributioa of, on cartlinvrk 
1 210. 

■ — ■ ■ ■ ■ on Roof*, 500— (2). 

Wrouglit-Iroii, 15$. 

pniicij'al forms of, 101 . 

quality of, ICO. 

— — tabUing, 150 

— Strength of, tte Iron. 

z. 

Zinc, IC5 
— — white, ItO 





